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On  the  Embrto-bac  and  Dbvbuipment  of  GTiiNAnitNtA 
CON0P8BA.  By  H.  Marshall  Ward,  Scholar  of  Clin»r8 
Culk-ge,  Canil.ridge.     With  I'lates  1,  Il.aud  III. 

Thk  hitherto  rpceivej  accouut  uf  Oie  origin,  mode  of  for- 
malion,  and  humuhigitB  of  tliu  cmliryu-fiau  in  AiigioepertiiH 
wa<  based  on  the  researches  of  Hofnimster,'  for  the  most 
part,  and  may  bo  tumiued  u|>  to  the  fultowiug  effect: — A 
ftiuglo  evil  situated  in  the  apical  part  of  i)il>  iiucluus,  and 
tjntiaUy  the  foremost  of  an  axial  row,  enlarges,  its  nucleus 
ipp«nr*,  and  a  variftble  small  number  of  free  nuclei 
appf^'  ii  the  protoptasoi  by  free  cell  foi^matiou.  Of  these, 
two  are  close  to  the  ajwx  of  the  enlarged  cell,  and  are 
known  a»  "germinal"  or  "  embryonic  "  ve»tcle$,  ivhile  a 
very  inconstaut  number  uf  "  antipodal  "  cells  often,  but  not 
always,  forms  in  the  lowut  end  of  the  protoplasm.  The 
enlarged  cell  ii  the  embryo-sac,  and  receives  the  pollen  tube 
at  il6  apex,  where  uue,  or  at  times  two,  of  the  gurininal  vesi- 
(Ics  become  fertilised  by  the  contents  of  the  tulx-'.  Schacht' 
showed  that  one  of  the  germinal  vesicles  acted  as  a 
conductor  between  the  tube  and  the  fertile  vesicle,  or  lh«t 
two  acted  as  such  towards  a  third  gernuual  vesicle,  and 
were  often  marked  by  peculiar  longitudinal  stric 

This  "  filiform  apparatus "  and  fertile  germinal  vesicl« 
were  regarded  m  the  liomulogues  of  the  curpuscuhi' of  the 
Gymncwperms  by  Strashnrger  and  Priiif^shcim,  and  therefore 
Were  regarded  as  tepreHenting  rudimentary  archegoina,  in 
aeeurdance  with  ilufmeifcler's  views  us  to  the  "  rosctio  "  vr 
iieck-ccllsin  Conifers.'  The  antipodal  cells  came  to  be  regarded 
as  Ih*  last  and  Beeting  representatives  of  the  euduKpenn, 
which  arises  in  the  embryo-sac  of  Coniferte,  &c.,  and  which 

>  *'N«tie  Heilriifft;/'  &c,  ia  '  Abbandlung  d.  Konigl.  saclii  GrKllwli.  d. 
WiMV1^69uulU61. 
'  'Jdirb.  r.  Wb*.  Bot.,'  IS57. 
■   It.  BroWB  (1834).  •  Misc.  Bnt,  Wfirkl.' 
•  'Tlis  BirIiw  Ccj,.U.K»m»."  K»3  3w;.,  1S62. 
VOL.  U. NfiW  BKIl.  h. 


R.  HAMBALL  WARD. 

bad  been  recognised  by  llafmeisler  us  the  hotnu1of;ue  uf  a  trua 
prothalliuni.'  It  was  aUo  generally  ft(Imttte<f  ibat  ibc  cndo- 
B|ierm  oF  Angiospenns  bad  iiutbiug  to  do  witb  tbat  of  Coni- 
fer?, but  latber  corresponds  to  what  ie  found  appeariog  late 
in  tKe  developing  macro«ipore  of  Selaginclla,  and  independent 
of  ibe  prothalliuni.* 

Uuite  lately  the  necessity  for  a  reconeiiderntion  of  these 
poiuts  has  been  forced  upon  na  by  the  researches  of  Stras- 
burger,'  of  Warming,*  and  tlie  papers  of  Vesque,'  which 
clearly  showed  tlial  iti  a  great  number  of  types  the  embryo- 
sac  does  not  arise  so  simply  as  Hufmeister  thought,  and 
further,  that  the  processes  going  on  between  its  formation 
and  tlie  origin  of  uu  embryo  are  still  more  complex. 

Before  touching  upon  this  or  examining  the  different 
views  of  the  authors  named,  I  propose  to  state  what  is  found 
to  occur  in  G^mnadenia  conopaea,  one  of  the  commoner 
Orchids  of  Europe.  This  has  been  partly  done  by  Stras- 
burger,'  who  has,  however,  more  especially  described  the 
processes  in  OrchU  paUem  luid  Monotropa  hypvpitys.  The 
later  stages  have  not,  to  my  kuowledge,  been  before  de- 
scribed. 

Except  where  slated  otherwise,  the  method  employed  has 
been  to  cut  sections  of  the  ovaries  which  have  lain  in  abso- 
lute alcohol  at  least  twenty-four  hours,  and  in  a  slowly 
evaporating  mixture  of  alcohol  and  glycerin  at  least  twenty- 
four  hours  longer.  In  a  few  ciises  staining  with  fuclisine 
and  acetic  acid  has  been  resorted  to  siicceKpfulty.  As  is 
well  known,  the  ovules  arise  from  three  parietal  placenta?, 
as  outgrowths  of  a  few  cells  projecting  into  the  cavity 
of  the  inferior  ovary.  Hofmeisler  traced  the  Orchid  ovule  to 
one  cell  of  the  surface,  whence  arose  the  idea  tbat  it  if 
mor photonic uUy  a  trichume.'' 

At  a  period  shortly  before  the  flower  bud  is  complete,  trans- 
verce  seclionsof  the  ovary  reveal  the  young  ovules  as  straight 
or  very  slightly  curved  structures,  arising  in  considerable 
numbers  from  each  placenta  and  directed  at  right  angles  to 
its  surface.  Each  consists  of  an  axial  row  of  large  polygonal 
cells,  surrounded  by  one  layer  of  somewhat  smaller  cells.  In 
transverse  section  we  see  one  large  cell  with  Gve  or   six 

'  Loc.  cit. 

»  Cf.  alio  S»plis'*T«t  BooV.'  Eng.  Twos. 

'  '  Ueber  lIcfrucliluuR  uiid  ZdltliciLuug,'  1877. 

*  'Ann.  d.  Be.  Nat.  Hot..'  ISjS. 

*  Ibid. 

*  Op.  cit.,  and  '  Die  Gjmnoxp.  uad  Angiosp/  1^79. 
'  ■  Cr.  also  Sachs-  •  Lcbrbueh.* 
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oround  it.  The  cells  are  lliin-walled,  and  fuH  of  slif^titly 
grauiitar  protoplasm,  wilhout  any  varuoles,  and  eacli  lias  a 
large  spherical  nucleus  with  a  IjrigUt  oudculus  in  the 
oealre. 

At  an  early  RUge  the  terminal  cell  of  th«  central  series 
increafn  cuneidetubly  in  vizt;,  its  proto]>la6iii  bt'conics  very 
granular,  and  its  nucleus  ruuiarkably  bright.  About  the 
•ame  time  certain  cells  in  a  zone  above  the  middle  of  ihe 
whole  ovule  divide  by  walls  parallel  to  the  periphery  of  the 
ovule  and  furm  the  rudiment  of  the  inner  intef;uinrnt.  At  this 
period  the  ovule  is  represented  in  fig.  1,  whore,  however,  llie 
prntoplflAm  has  iN-cn  mostly  removed  by  ainniouic  h)drate. 

It  will  be  useful  to  name  the  central  series  uf  cells  the 
"axial  row,"  and  the  large  lermiual  cell  of  (his  tow  has 
been  called  the  "embryo-sac  motlier-cell."  since  the  eiii- 
byro-sac  apparently  arises  a«  a  daiiKhler-eell  by  division  of 
thiSj  as  pointed  out  by  Strasburger.'  Reasons  will  be  given 
later  for  considering  the  einbryo-sac  as  possibly  less  aimple 
than  bttic  staled. 

As  the  uvule  lengthens  its  curvature  increases,  the  intpgn* 
tnenl  grows  upward*!,  and  the  embryo-sac  mothi>r-cell  becomes 
luugef  (Ag.  2)  i  this  latter  cell  now  divides  by  a  transverse 
wall  appearing  at  abuut  one  third  its  length  from  the  top, 
and  the  smaller  cell  thus  cut  off  appears  like  a  cap  sitting  on 
the  larger  one  below.  The  lower  and  larger  c<:ll  is  mean- 
while growing,  and  tends  to  compress  this  cap-cell  against 
llie  epidermal  caIIs  atiove.  When  it  has  readied  a  size  about 
equal  to  that  with  which  it  aturled,  the  larger  cell  repeats 
I  lie  above  division  exactly  as  befure,  huiI  so  a  second  cap-cell 
i»  thrown  off,  fto«>n  to  be  forced  up  against  tb«  other  by 
growth  of  its  sister-cell  below. 

The  specimen  represented  in  fig.  3  sliowa  this  second 
division  in  progress,  (he  characleriati,;  "  bnrrel  figure"  having 
been  fixed  by  absolute  alcohol.  A  similar  stage  is  figured 
by  Slrasburger  ('Augiosp.  u.  Gymnosp.,'  Taf.  vi,  fig.  90), 
where,  however,  the  division  api>earB  to  follow  more  rapidly 
upun  the  first  one.  The  divJBion  walls  thus  cstabliBhed  are 
remarkably  thick  and  brighlfaA  if  mucilaginous  and  swollen, 
and  the  ap|>earaiice  they  present  is  not  easily  indicated  in  a 
drawing,  especially  at  stages  a  little  later,  when  the  wholii 
becomes  more  liumugeiieuus  us  the  luwer  cell  compresses  the 
up|*er  unen. 

Meanwhile  the  ovule  has  become  decidedly  nnatropous, 
and  the  inner  inlrgiiment  is  already  slowly  closing  in  above ; 
tke  Outer  integument  has  also  a|ipeared,  by  simitar  divistuus 
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of  th«  oulfr  cvllt  of  m  sone,  at  the  biwe  of  ihe  inner  intrgV' 
inent  (cf.  figs.  S,  S,  4)  The  lower  of  the  ibrce  cells  pro- 
iluced  by  diviMun  of  the  "  (-nibrjro-ue  moilifr-cHl  "  bocotoM 
longer,  and  ia  hf-  growth  compreuce,  not  only  the  two  cap> 
cells,  but  alfto  the  epithTtnal  Uyer  on  all  tides.  It  appeari 
to  abaurb  the  cont«DU  of  (hese  cells,  and  the  eihaiiatei] 
remains  easily  suffer  compression  to  mere  refractive  bomo- 
f;oncou8  maAses,  aa  iheir  {^evdy  neighbour  grows.  Sinn 
this  cell  apparently  becomes  the  embryo-sac  we  shall  here- 
after speak  of  it  as  such;  it  bus  now  asain  Itecome  about 
as  long  as  at  first,  and  pru  portion  airly  wider,  and  its  granU' 
ItiT  protoplasm  contains  a  large  nucleus. 

During  the  progress  of  the  changes  about  to  be  described 
thti  two  integuments  must  be  pictured  as  growing  up,  and 
the  inner  one  closely  invealiiig  the  nucleus  and  forming  a 
niicrnpjle  abore  ;  the  outei  integument  nerer  closes  in  so 
much,  hut  leaves  a  Urge  loose  opening  above  in  later  stages. 
Not  many  cells  are  formed,  but  as  the  embryu-sac  beoomea 
completed  the  integument  cells  elongate  very  nitich,  large 
sap  cavities  form,  and  the  nuclei  are  driven  to  their  walls. 
This  is  especially  the  case  with  the  outer  integument,  and 
at  last  results  in  the  formation  of  a  large  air  8|>ace  bctweea 
the  periplii^ral  cells  and  the  base  of  the  nucleus  and  ioDfr 
integument  (cf.  figs.  10,  14,  30,  &c.) 

About  NOW,  or  a  little  later,  the  pollen-tubes  Appear  in  the 
upper  part  of  the  ovary  as  silver  threads,  creeping  slowly 
down  the  tissue  in  the  groove  formed  between  the  swollen 
placentas  and  the  carpellary  walls.  They  may  be  few  or 
many,  and  in  the  latter  ca^e  can  be  detected  by  the  naked 
eye  on  the  walls  of  the  ovary  if  torn  open.  Owing  to  the 
prevalence  of  very  cold  and  wet  weather  this  summer  I 
taniiot  consider  the  question  settled,  but  believe  that  the 
further  vigorous  development  of  the  embryo-sac  and  contents 
depends  on  the  presence  of  these  tubes.  Since  insects  were 
rare  during  the  bad  weather  I  pollinated  many  flowers  by 
hand,  and  certainly  got  more  vigorous  ovules  from  the  spikes 
BO  treated,  and  there  were  mnny  tubes  in  these  orariea.  In 
cases  where  the  floners  had  been  pollinated  naturally,  how- 
ever, the  contuUB  of  the  sac  and  the  cells  of  the  iiitegnment 
were  brown,  and  weakly  developed.  Selecting  what  appear 
to  be  normal  casc«,  the  following  changes  occur  in  the 
Rmbryo-sac,  which  by  its  growth  has  considerably  compressed 
the  layer  of  cells  around  it,  and  is  capped  by  the  remains  of 
the  two  upper  cells  (figs.  5.  6,  7,  &c.). 

The  protoplasm  collects  into  two  masses,  one  at  each  end 
of  the  embryo-sHCj  leaving  the  centre  of  the  sac  filled  by 


I 
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non  flDi<]  material ;'  for  pome  time  ihrse  inuHt  are  ill 
drilled,  and  the;  never  form  a  di»tinct  cell-wall,  but,  finally, 
from  ihe  pteiWDce  of  a  uuclcus  ami  w«ll-iiiarke<l  contour,  we 
recofrnisc  iu  tliem  naked  cells  in  a  protoplasmic  matrix 
(4  7). 

Each  of  these  soon  divides  into  four  smalWr  btit  otherwise 
ttmilar  nucleated  maases,  by  two  divisiona  in  planes  cronsing 
at  right  nn;;les.  In  some  cases,  at  any  ratp,  this  occurs 
timiillaneously  in  botli.hut  in  others  one  or  bi.th  divide  first 
into  two,  and  then  a^in  each  daughter  mass  into  two  others 
(cf.  figs.  8—12). 

That  this  ia  the  final  result  there  can  be  no  doubt,  hnt 
whether  one  ia  to  suspect  variations  in  the  divisions  as  due 
to  manipulation,  conditions  of  vigour,  oi  peculiarities  of  the 
species,  must  remain  at  present  undecided.  The  irn|iur(ant 
fact  ia  that  ei};ht  nucleateil  masses  of  jirotoplnsm  result^ 
more  or  less  isolated  and  complete,  in  groups  tif  four  at  each 
end  of  the  S'tc  (fig?.  12.  13)  ;  this  1  consider  demonstrated 
by  the  apecimen  ngured  at  IS,  though  the  division  of  the 
lower  mass  does  not  always  appear  to  be  completed.' 
The  relations  of  the  products  of  division  in  the  fore  part 
of  the  SBC  are,  however,  remarkably  constant  and  surprising. 
Two  of  them  become  elongated  and  packed  close  into 
the  top  of  the  enibrjo-siic,  as  the  "Gehiilfinnen"  or  "Sy- 
uer(;i(l»  "  of  Strasburger ;  while  one  enlarges  and  rounds 
off  as  the  egg-cell  or  "  oospherc,"  and  becomes  suspended 
laterally  at  the  base  of  the  "  Syoergidsc  "  in  the  cavity  of 
the  sac.  The  fourth  mass  rIso  rounds  off,  and  falls  freely 
into  the  lining  protoplasm  of  the  sac.  All  these  masses  have 
acquired  nuclei,  that  of  the  eg^-cell  being  ei^iiecially  laige 
and  brightj  but  no  trace  of  a  cell-wall  appears  around  any  of 
tbem. 

As  to  the  fate  of  the  products  of  division  in  the  jMwterior 
endt  I  can  say  very  little  puoitively.  That  four  umBscs  com* 
meDC«  to  form  appears  certain,  hnt  only  in  a  few  cases  have 
they  become  completed  ;  as  a  rule,  I  find  a  nia.«8  of  protoplasm 
in  this  place  with  a  variublc  nnnitfcr  uf  nuclei  in  it,  but  in 
some  cases  (fig.  13)  four  masses  occur. 

It  is  to  be  regretted  that  thic  point  hns  not  been  more 
Buccessfully  dealt  with,  and  also  that  the  exact  origin  of  tlie 

'  Man;  facts  saj^at  tU«t  llii>  divition  is  nf  tbe  wme  order  bb  th«  two 
prcoFdiug  liivikioQa  of  tlte  "cmbrTo-^iie  muttier-ocll."  If  so,  wv  i[iu»t  i^ii- 
siiicr  tbfet  cell  u  saffen'og  divuion  iutv  four,  the  last  divisicMi  wall  being  a 
vert  «rak  and  diffluent  one.  ,  , 

*'  Tlw  Imm  group  nay  sppsnnHj  sulTcr  Ins  complete  division  ia  oUier 
plaut«  aHmo. 
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rmbr)'o-»r  nucleus  in  UjrinnHdptiiitrrninirii  uncprt ain  frimi  mf 
(Irawingfl.  AecoTding  to  Slrafihurgcr,  llie  tjptral  prorrssUas 
fwUowjt :' — The  fourth  nucli-iis  from  the  ijroup  iii  thpanlerior 
riid  of  trmbryo-sac  travi-ls  down,  Aod  oieeti  one  of  the  four 
fiom  the  poAtcrior  end,  and,  fusing  togcthpr,  thcK  two  form 
one  large  nucleus — the  nucleui  of  ihe  embryo-tBe.  The 
ibreo  nuclei  left  behind  are  "  antipodal  cells  "or  "Gegen- 
fiisslerinnen."  This  process  I  have  failed  to  obierve 
dirvctlv  in  Gvnina<tetiin,  but  may  remnrk  in  this  connection 
upon  Hgs.  14,  15,  16,  and  17,  in  each  of  which  are  indica- 
liona  possibly  of  some  anch  process. 

Ill  the  first  CAM  (fig.  14},  we  bare  an  itl-de6ncd  mass  of 
protoplasm  in  the  posterior  end  of  the  sac,  and  two  lai^ 
Well-rounded  nuclei  close  by  the  egg-cell  above;'  though 
the  bare  possibility  exists  that  one  of  these  nuclei  is  on  the 
B<1jacent  wall  of  an  integument  cell,  Bince  the  case  ia  not 
isolated,  yet  it  is  offered  here.  In  tig.  15  we  have  a  large 
)right  nucleus  below,  and  a  faintly  marked  (IwHly  preserred?) 

aj  on  the  aide  wall  of  the  sno.  In  fig.  16,  both  above  and 
below,  apjiear  good  round  nuclei.  In  fig.  17  the  upper 
nucleus  has  evidently  travelled  down,  and  now  abuts  upon 
the  mass  of  protopUsm  at  Ihe  base  of  the  sac ;  thiM  muss  is 
well  rounded,  and  presents  four  nuclei,  or,  more  correctly, 
two  large  nuclei,  in  a  commencing  stage  of  division. 

Were  it  not  for  the  fact  that  in  Slrasburger's  drawings 
nnd  description  this  process  is  so  definitely  put,  and  also  that 
in  other  cases  (esp.  Uanunculus,  Lobelia,  Antbcricuai, 
Itutumtis,  and  Alisnia),*  I  have  oftitn  seeu  two  nuclei  free 
in  the  sac  befiidea  the  antipodal  cells  and  a  normal  egg  appa- 
ratus, the  above  evidence  would  not  deserve  to  be  so  insisted 
upoit  ;  it  is  tucoiTLplele,  and  is  little  bettered  by  the  sugges- 
tion that  in  these  highly  specialised  plants  a  process  of 
reduction  has  become  still  more  reduced,  and  that  even  the 
rudiments  are  unusually  imperfect  and  uncertain.  However 
this  may  be,  in  (hfmnadmm  rimopsca  there  are  formed  a 
normal  "  cgg-appariitm,"  a  large  nucleus  of  the  embryo-sac, 
and  a  group  of"  antipodal  cells." 

The  pollcn-lulies  sliould  now  be  somewhere  in  the  neigh- 
buurbood,  and  in  fig.  17  we  hare  an  example  showing  the 

'  •UchcrBernitliUng  u.  Zclttlii-ilunK,"  p.  32,  "  Orekis pu!Uiu."  Com- 
pare  V«fjuc'sdi(r«rrtH,  h.\:c\i^nla(  Orcku  gnhtfa,  'Ann.  dcsSc.  Nal.,' 187S. 

'  1a  it  jiDsaible  llml  lliU  i»  «  wsr  of  two  ppc-rcllsF  Strasburpir  flsares 
two  cmbiira  iu  Lhc  umc  sac,  in  a  pnner  nulili&hftti  in  .Frn.  Zcjlsrtir.  f.  Wiu.< 
187S— "  UcWr  I'Qijemhrytmic." 

*  III  BulumuM  llicrc  can  uow  be  no  doubt  of  llic  fusion  of  Ivo  nuclei. 
I  Uaee  every  sia^t  in  Uic  [noccM.  See  a  paper  read  before  Ijuitgeai]  S«iel», 
Nov.  SOtli,  lS7y. 
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»ot  of  fertUisBtion ;  the  pollen-tube,  after  a  Btnoini^  course 
from  the  plarenla,  bus  made  a  sharp  benil  ere  plunging  into 
the  micrnpylp,  and  hai»  then  dpreftJ  its  broad  appjt  over  the 
*'  Ot'hiilfinnen,"  Apparently  penetrating  btttwecMi  the  s»e  and 
iniegiimeiil]  but  the  iliffirnllT  of  tracing  so  delicate  an  out- 
line a»  it  here  preiieiilx  is  no  ordinHry  one.'  It  does  not 
broik  tbrougb  the  top  of  t)ie  nac,  but  the  well  marked 
contour  of  tbe  latter  is  to  bit  seen  throu{;h  the  transparent 
tube,  the  walls  of  which  are  here  markeil  bj  delicate  longi- 
tudinal striations,  wliicli  appear  to  be  fuld)t,  eitlier  caused  by 
contraction  fr'nn  reagents,  or  the  closing  in  of  the  inner 
inli^inetit;  I  cannot  identify  it  with  tbe  filiform  apparatus 
of  Scbacht,  sinre  it  ih  on  tbe  poUen-tuhe,  and  has  nothing 
whatever  to  do  with  the  embryo-sac  contents.  In  the  conrsu 
of  ibe  tube  arc  developed  the  peculiar  cellulose  blocks  pro- 
jecting inwards  from  its  wmIIs,  and  serving  apparctitlv  lo 
shut  off  the  contents  of  the  tube  as  itgrows;  these"  Propfen  " 
or  stop(icrB  were  described  by  Strasburger*  and  Elfving,^nnd 
occur  in  such  quantities  that  a  cross  section  of  the  pcdlen- 
tube  bundles  appears  marked  Lere  and  there  by  waxy- 
looking  drops  inteniperflcd  among  sitTCry-likc  cellular  walla 
of  the  tubes.  In  the  figure  is  one  of  these  stoppers  reprc- 
Ktited  fU)  it  occurred  in  the  tube  just  ere  the  linal  bend. 

The  outline  of  the  einbryO'Sac  is  still  murked  by  the 
remaiui  of  the  nucleus-oclla  which  it  compressed  and  des- 
troyed in  its  growth,  but  the  cap-cells  appiar  to  bavf  quite 
disappeared  ;  even  the  latter,  however,  persist  for  a  long  time 
(ef.  6gs.  6^13)  as  a  refractive  cap  on  the  npcx  of  the  sac,  ia 
some  ca««s  (fig.  12)  presenting  a  conical,  or  even  beaked 
appearance.  If  no  pollen-tube  enters  the  micropyle,  the 
whole  ovule  turns  brown,  shrivels,  and  the  contents  of  the 
sac  become  ill  delined  and  dccHy  ;  the  egg  coll  persists 
ipparently  longer  than  the  Gehiitfinncn  (fig.  17,  a).  In  all 
these  eases,  and  up  to  a  much  later  period,  we  find  the 
remaining  cells  of  the  central  or  axial  row  persist  beneath 
tbe  sac  ;  in  fact,  tbe  air  space  already  referred  to  is  formed 
beneath  the  lower  one,  and  between  it  and  tbe  outer  integu- 
nwnt  when  ibe  eharp  bend  is  established. 

The  fact  that  the  oosphrre  is  fertilised  is  marked  by  the 
appearance  of  a  thin  cellulow  coat  around  it;  it  elongates, 
and  its  nucleus  prepares  to  divide.  The  contents  of  the  Gehiil- 
fiiuea  and  other  parts  of  the  sac,  on  tbe  contrary,  become 

>  ITofineisicr  repreMnts  the  tube  u  cnt«rii^  ilie  tao  in  OreAia  wothi. 
•Vcriji.  Ui.Kr».,'t.iv. 
»  l^tcit. 
*  *  Juiftiichcr  Zcitschr,  liu  Naturwtiwntdi,'  IS78. 
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clotidy  and  pre|iare  for  dpfteiierBtioii.  and  fiiivl  iliM] 
Wry  ahortlr  the  ri^maini  nf  the  Gp)iul6nnpn  form 
shaped  can  between  the  embryo  and  the  apex  of  the  »ac, 
while  the  decaying  antijKidal  mau  presents  a  similar  appear- 
ance below  (cf.  fi<^s.  18—28).'  In  fig.  21  the  appearanes  of 
fViur  titiclei  ill  llif  aniipodnl  niMS — and  a  similar  condilioa  of 
things  is  Tngiidy  indicated  in  other  cases,  as  fig.  19 — suggests 
that  the  union  of  a  iourth  nucleus  with  one  from  above  to 
form  the  eiubyro-sac  nucleus  has  not  occurred,  or  if  so,  a 
further  division  of  the  nnlipodil  cells  has  taken  place. 

The  nucleus  of  the  elongateii  cmhryo-cell  now  divides,  atid. 
a  wall  appears  between  the  new  nueUi  cultin^  it  into  aa 
upper  and  a  lower  coll.  This  hurizuntal  lamella  is  thin  and 
altHrply  marked,  find  is  nearly  or  quite  per[>endicuUr  to  the 
long  axiv  of  the  emltryo.  Each  cell  is  full  of  6ne  graineil 
(iHrk  protoplasm,  and  its  nucleus  is  very  large,  spherical, 
and  bright,  and  contains  one  or  two  briUiaut  nucleuli 
(fig.  18.)  On  account  of  the  different  fnles  of  these  two  celta, 
we  must  distiuguish  them  from  the  first;  the  upper  quo 
becomes  the  pro-embryo  or  suspetisor,  and  hns  but  a  tran- 
sient existence  ;  the  lower  producef  the  true  embryo. 

Each  nucleus  repeats  the  proce>«  of  division  exactly  aa 
before,  and  we  have  the  embryonic  body  divided  by  two 
more  walls  parallel  to  thnt  first  formed  (fig.  SO),  and  already 
1*8  entalilished  a  pliy»icul  difference  between  the  embryn  and 
pro-embryoj  the  luller  being  narrow  and  tapering  somewhitt, 
and  having  dtfBucnt  thick  walls,  while  the  embryo  rapidly 
becomes  stouter  and  more  glubulnr  in  accordance  with  the 
distribution  of  its  thin  sharply  mRrked  cell-walls  (cf.  figures). 
In  fig.  19  the  wall  in  the  embryo  is  completed,  and  twu 
large  nuclei  again  rouuded  off,  but  that  in  the  pro-embryo  is 
only  jiiflt  ap|iearing,  its  nucleus  being  fixed  in  the  last  stage 
of  divisiun  prior  to  the  separation  of  the  new  nuclei,  which 
have  already  commenced  to  aggregate  at  the  poles.  In 
fig.  £0  the  process  is  completed. 

A  further  difference  between  proemhryo  and  embryo  it 
now  established,  in  thai  the  next  divisions  in  the  embryo 
are  perpendicular  to  that  already  formed,  whereas  in  the  pni- 
embryo  all  the  divisions  are  hurizoiilnl,  and  pnrallel  lo  the 
first.  In  fi|,'  S4  the  terniinal  cell  of  the  pru-embryo  is  coui- 
mencingto  divide  as  indicated  by  the  condition  nf  its  nucleufi, 
while  in  lig.  27  the  second  cell  has  just  divided,  and  the 
last  threads  of  protoplasm  are  still  in  contact  with  the  new 
wall.  We  thus  demonstrate  that  each  cell  of  the  pro-embryo 
'divides,  and  its  elongation  is  pffrcted  by  inierealftry  gruwili. 

'  In  some  cados)K:rBioiiS  ovules  Lite  aBtifiodiil  cn^s  divide  rigorou&ly. 
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Gf(.  S8  L«ch  of  the  four  cells  has  doubled  lUelT,  and  the 
power  of  divioion  in  the  pro-embryo  Beonis  now  to  bcM^me 
exh»u8lcd,  vacuoWa  begin  to  form,  and  the  cells  to  vIoiiKxte 
as  Iboir  nuclei  go  to  the  vrslU,  and  the  vacuoles  collect  iiiiu 
a  sap-cavity  (cf.  fige.  S8 — 30).  Only  in  a  few  cases  have  I 
wen  more  than  ei|;ht  celU  formt^d  by  the  pro-€^mhryo ;  in  the 
specimen  5>;un!d  at  &g.  30  are  ten.  As  the  cells  elongate, 
nnce  the  Rolid  embryo  soon  completely  fill^^  the  enibryo-euic, 
the  apex  of  tlie  pro-embryo  becoinc-<(  grudiially  prnthed 
through  the  top  uf  the  sac,  mid  tiie  loose  tissue  of  the  micro- 
pyle  allows  it  to  escape  into  the  ciivity  of  the  ovary  (fi^. 
to,  SO);  its  period  of  growth  is  now  about  completed,  and, 
as  the  last  division?  are  made  in  the  embryo,  the  pro*eiubryo 
turtiB  brown  and  shrivels  up,  pers^isling  as  a  mere  ra)(ged 
appendage  in  the  ri^ie  seed. 

To  return  to  the  embryo  proper  consisting  of  two  cells  (fip. 
SO).  It  becomes  broader,  uiid  the  nucleus  of  one  cell  divides 
and  a  new  wall  cuts  it  into  two  equal  cells  nrranp^ed  laterally. 
The  plane  of  this  new  divisiou  is  always  perpendicular  to  that 
of  ibe  6rst  (horizontal)  wall,  and  passes  through  the  longer 
axis  of  the  whole  embryo  ;  it  may  appear  first  in  the  upper  or 
in  the  lower  cell,  but  usually  the  latter  (fig.  21 ,  S2).  The  other 
cell  divides  at  the  same  time  or  very  soon  afler  by  a  wall, 
also  passing  through  the  long  axis,  and  also  pprpendic-ular 
to  the  horitonlal  wall,  but  it  in,  in  the  majority  of  cases,  if 
not  always,  also  at  right  angles  to  the  other  perpendicular 
wall.  Thus,  in  fig.  iiS  the  first  wall  (horizontal)  is  cut  nt 
right  angles  by  the  second  (perpendicular),  which  lies  iu  the 
plane  of  tlie  paper  and  in  the  upper  cell ;  the  third  (perpen- 
dicolar)  will  rut  lioth  of  these  at  ri|>)it  an{:l(-»  or  nearly  so, 
M  shown  by  the  dividing  nucleus  in  the  lower  cell.  SimilRf 
telstions  are  shown  in  tigs.  9M,  !&5.  Etu:h  of  the  four  cells 
thus  formetl  rapidly  becomes  again  divideit  by  a  wall  perpen- 
dicular to  all  those  which  it  cuts,  and  pasiting  through  the 
lung  axis  of  the  embryo,  and  in  this  manner  the  embryo 
comes  to  consist  of  a  nearly  globular  liody  cut  into  eight 
octants,  in  each  of  which  is  n  large  round  nurleuB  (fig.  ify). 

The  next  division  walls  are  again  horizontal,  and  may 
appear  first  in  the  up[>er  (Bg.  HQ)  or  iu  the  lower  cells 
(figs.  *7,  *8) ;  thus,  the  embryo  becomes  cut  into  twelve,  and 
thoiiutleen  cellx,  by  walls  in  planes  symmetrically  related. 
A  series  of  walla  very  soon  mark  out  a  central  from  an  epi- 
dermal system ;  these  (fig.  30)  appear  at  about  the  same 
lime  lit  all  the  cells  except  the  four  which  abut  upon  the  pru- 
enibryo,  and  lie  iu  planes  parallel  to  the  outer  wall  of  each. 
Tbey  may  well  be  called  tangeuiiul,  and   mark    the  first   iu- 
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dicntion  of  ti««ue  differpnljation  ;  ihc  cpIN  of  iht*  Oiil^r  Uyer 
uiily  diviilt-  further  bj'  iralU  |iorpeiiiliculai  (o  the  outer  sur- 
face. The  ovoid  embryo  now  bcfnnv  (o  havp  Klfirchy  nnd 
other  ^nmliilar  ninllcr  (lrp(i*it(;cl  in  its  rrllo,  niid  l>eromc« 
ihi-rehy  too  upaquc  for  observation  of  the  ccll-walU  until  sub- 
initlcd  to  tbc  aclion  of  warm  |K>tu«h  atid  ^lyreriii  or  oiher 
clearing  reagent*.  From  the  first  no  trace  of  vacuoles  occur*, 
but  the  cells  are  tightly  packed  and  full  of  fiae-i{iained  pro- 
toplaBRi,  with  Iarf;c  bright  nuclei,  and  thiu  Hrm  cell-walls 
surround  them.  Hy  proper  tn-ntment,  bowcTcr,  one  recog- 
nises in  the  la»l  ^la^es  of  llie  vmbryu  (fig.  31)  thut  yet 
another  series  of  tHiigenlial  walls  hiiH  appeared  roiirentrie  to 
the  first,  and  thus  the  ovoid  maKs  presents  a  neutral  robinin 
of  cells,  surrounded  by  a  htyer  one  cell  thick,  while  over  all 
is  another  layer,  also  one  cell  deep. 

About  thin  time  the  cells  are  crowded  with  nutritive 
mntlers,  the  pro*enibryo  and  intei;un«*nt  cells  are  empty  and 
nhrivelk'<l  {H'^.  il^},  tltc  leiiiuiiDi  of  nuclei  appearin^  on  llieir 
dark  brown  walls,  and  the  seed  may  be  considtired  ripe. 

In  reviewing  the  processes  above  described,  we  may  shortly 
point  out  several  views  held  uf  lute  as  to  iheir  meaning;,  and 
to  render  this  more  clear  and  complete,  it  may  he  advisable 
to  recall  to  mind  some  points  more  fully  dealt  with  in  the 
larger  text  books.' 

In  the  Ferns  generally  we  have  a  spore  developing  a  free 
uhlorophy  11- bearing,  and  often  large  prolhallus,  on  which 
are  produced  nntheridia  and  nrchugimia.  When,  as  in  0»- 
munda,  the  prothallus  only  hears  anthcridia  at  times,  wc 
may  consider  this  the  carrying  U>  a  step  further  a  process 
commoa  to  this  and  many  other  genera,  where  the  arcbe- 
gonia  appear  later  than  ihe  very  numerous  antheridia.  If 
wc  suppose  the  appearance  of  the  archegonia  indefinitely 
postponed  the  prothallus  becumus  unisexual — male  ;  if  pro- 
longed aftf^T  all  the  nntheridin  have  decayed  the  prothallus 
is  practically  female  in  function. 

ouch  a  unisexul  pruLhallus  may  be  supposed  diagramma- 
tically  represented  in  Fig.  1'  as  a  section  passing  through 
the  g4.>nniiiatiiig  spore,  prothallus,  and  archegunium.  In  the 
long  free  neck  of  the  latter  arc  seen  scvcrul  uiitsses  of  pru- 

'  Tlif  Kn^liali  slud^t  has  an  excellent  ncroMnt  in  SmIiV  'TesL  Ilook.' 
Cf.  also  Hofnifi'sLcr.  *  Hiijlicr  Crjiitogamia,'  Itay  Soc,,  ISfiJ,  and  Liicraacu, 
*  Med.  FliHrui.  Hot ,'  B.  L     Al.iu  literature  quoted. 

*  Tlic  rclntl^c  posilioiis  and  tlzts  liavc  not  bften  insisted  upon  in  the 
diatcranik.  In  al)  the  lifta.  fJx.  =^  cidgpntr,  Kt.  =^  cniotporc,  Arrk. 
puinti  tu  nedc  oT  arcJicgonium,  uid  Can.  to  the  caBaUoell!),  Ooa.  s  ooapiiere 
or  egg-celt. 
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toplMBtic  sabsUnce  (can.)  which  result  from  the  piiriul 
dmsiofi  or  a  sniaH  piece  of  the  ousphere,  which  becomes 
ntlj  rat  off  Froni  that  body  ere  it  rountls  off  in  the  body  of 
the  archcgoniuin  ;  these  tnxs»eB  are  the  "  c»nal  litUs  "  of  the 
Germans,  and  by  ilc^^mdatian  become  mucilaginous,  aud  so 
•erre  to  fix  the  aoihcrozoids. 


dm. 


Osf. 


Ire«. 


rOA, 


^1,  1. — Pia^tn  of  frff)  prothallinm  of  fern,  vitli  ita  Brchcgonium  pro- 
jfeitnit  tone  disUnce  (exteriorly,  and  p'i9»eMiiig  «  maiij-oelled  neck 
n  the  eaoal  of  winch  uc  Uic  "  canal  cfIU." 
Altbottgb  the  spores  of  Ferns  present  no  extprnal  charaC' 
ivristics  from  which  we  can  infer  whether  the  proihallia  to 
be  prodticed  on  germination  will  be  predominantly  male  or 
female,  t.  e.  in  its  whole  course  of  pxistence  will  bear  arche- 
gonia  or  anlheridia  in  excess,  Btill  ne  niRT  see  here  inilica' 
Hone  of  a  differentiation  of  function  which,  attended  hy 
rrductioD  and  abbreviation  of  the  proihalluR  and  processes 
peculiar  to  it,  attains  a  limit  in  the  liigtiKtit  plants.  If  in 
thi>  fpectalisation  and  diatribution  we  see  an  economy  of 
tuaterial  and  energy,  we  can  at  the  same  lime  explain  many 
of  the  phenomena. 

In  the  Bhixocarps  the  separation  of  the  sexes  hns  been 
carried  so  fnr  that  from  the  spore  itself  we  can  predict 
whelhi^r  archegoniu.  or  anthcridia  will  he  rormcil  on  its  ger- 
mination, ill  some  canes  even  the  sporangia  participating  in 
cIm  teparatiou,  and  being  distributed  on  different  parts 
areordlDg  as  their  products  will  yi^ld  male  (microfipore)  or 
female  (macrosporc)  prothallia.  The  male  or  antlieridiuro- 
bearing  prothallia  are  vt^ry  small,  becoming  reduced  to  a 
mere  lube  of  two  or  three  cells  in  SaUinia,  and  in  others 
b^iog  only  represented  by  the  trace  of  protoplnem  left  over 
from  the  antherosoid  molher-cells.  We  niuel,  in  fact,  look 
upon  certain  cell  divi&ions  in  the  microspore,  preceding  its 
germioation,  as  representing  the  formation  of  a  rudimeulnry 
prolballas  and  antheridia  which  form  the  few  antherozoids 
then  liberated. 

In  the  macrospore,  though  the  prolhallua  is  also  not  set 
free,  it  is  more  obviously  a  cellular  structure,  producing  one 
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or  vaoxf  xrrlicftonia.  We  mmy  take  thit  of  Marail^  u  a 
lype.  The  dias^ram  (Fiif.  8)  reprcsenu  a  flection  through 
the  gprminaliiig  macrospon',  n-ith  i(a  only  partially  exposed 
prolhallua,  hi>ariii(t  an  arrhri^onium  wliich  differs  Uom  that 
uf  the  Fero  in  several  poinU. 


._>  AA  — 


Aw4- 


Tw.  2. — tlidjjrtni  *>f  partiftlly  free  9  proHifcUrum  of  MartiUa,  it  is  re* 
duocil  to  liUlc  more  tlian  the  ■rcli«froniuiii,  wliicli  lianJlj  pti>jecU  from 
Uio  BurKaoc.  and  ba>  verj  few  neclt  cells.  Tim-  "  catiai-«eU,"  faowcter, 
Bppcan.    Tlw  tpacc  (x)  bccouin  tilled  ullh  Quid. 

In  the  first  place,  its  neck,  instrnd  of  being  a  long,  freely 
projecting  structure  of  several  lien  of  cells,  hardly  pro- 
Irutlfti  at  all,  and  ii^  furme<l  of  two  tierfi  of  four  rells  each  ; 
in  plan  these  ct-Ua  arc  nrrangfil  fro&swisc,  and  arc  almo«ti 
flush  with  the  geiierHl  level  of  the  protballium.  Bctweeni 
them,  however,  the  young  ooaphero  allows  part  of  its  sub- 
stance, cut  off  as  Itefore,  to  penetrate  as  the  "  canal  cell." 

Besides  a  separation  of  the  sexea,  then,  we  have  in  Rht- 
zocarpB  a  much  smaller  prothallus  which  never  becomes 
entirely  free  ;  and  a»  the  prothallua  tends  to  be  withdrawn 
(as  it  were)  into  the  spore,  so,  too,  the  archegonia,  Ac, 
appear  to  be  held  hack  in  the  prothblliis,  and  the  neck  to  be 
a  leas  protnided  structure.  For  a  third  stage  in  this  re- 
markable process  we  may  select  fkUtginella.  Here  the 
mncrospores  and  microspores  are  not  only  produced  in  dif- 
ferent fipornn<»ia,  hut  the  macro-  anil  micro- sporangia  are 
borne  on  difl'LTt-nl  leave*  ;  the  sexes  are  further  peparated. 

As  before,  the  microspore  undergoes  the  less  extensive 
development;  its  contents  becomes  divided  up  into  a  fcvr 
cells,  the  majority  of  which  ])rodiice  antherozoids.  The 
spore  then  bursts  and  sets  them  free;  the  process  maybe 
ronsidercd  as  the  formation  of  a  rudimenlarv  internal  pro- 
Ihallus  reduced  to  little  more  than  the  aiitherozoid  motlier- 
cells  (antheridinni).  In  the  nincroepore,  a  small  prothallus 
forma  internally^   and  is  just    allowed    to   peep  forth  and 
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eipoae  iU  oDeot  two  rudimentary  arc)it>gunta.  These  con- 
iiM  of  in  oospfaere,  siirmounlcd  by  four  or  c-ight  iieck-ri^Ui), 
wbich  opf  n  flush  ivtih  ilie  surface,  and  have  a  "  caiial-cell " 
■c  befura  forced  between  them. 


hJ^i 


\,^Di»gnm  of  etMlcaennnu  jirDlliivllium  of  Sclnf^tnrlia,  wilb  f«w  ar- 
cfa^gonu,  reduced  each  tu  an  ooGpbcrc  with  four  or  eight  nttck -Delia  as 
a  "  rmcltc  "  atiMvr,  %ni\  <>iil)i  caital  Cell  between.  Before  tttc  niptureof 
theaMs.ln  IfaecipoHc  prolhillus,alargeccllnl,  udicnie  "ninioflpcrm" 
(end)  font*  behx*  Hk  |m>lluiilu3,  ii[i|MtriMitlf  luili-pemlcnl  of  it. 

These  ueck-cells  form  a  kiad  of  "  rosette/'  as  it  has  been 
termed,  capping  the  ooaphere  nhtch  is  sunk  in  the  pro- 
thalius.  But  before  t)ie  {irothaUus  anil  its  archfj^oiiia  are 
exposed  at  the  ruptured  apex  of  the  spore,  a  proci'ss  occurs 
which  results  id  the  formulion  of  au  apparently  new 
structure. 

In  Salviiiia,  Marailea,  &c.,  the  space  between  the  pro- 
thallus  and  the  pi)dufi|Kire,  filling  up  (he  major  part  of  the 
macrospore,  becomes  occupied  by  imbibed  fluid,  which  accu- 
mulate aud  serves  to  push  the  protballus  upwards  to  the 
eiterior,  as  it  presses  upon  the  "  diaphragm  "  or  mcinbrHne 
•aparatiug^  them.  In  Stda){ine11a,  however,  a  formntiou  of 
IsrgCf  ihin-wallcd  cells  occurs  in  the  6uid  filling  thiK  space, 
and  thus  the  so-called  "  endosperm  "  {Fig  3,  end.)  ia  pro- 
duced. At  a  later  period  its  cells  hpcome  crowded  with 
fuod  material  for  the  Dourishment  of  the  embryo,  as  t)iis  is 
pushed  down  hy  its  growth  Hnd  that  of  its  "  suspeneor." 

Our  next  stfp  is  to  the  flymnnspcrms — the  Coniferifi  and 
tlieir  allies.  Neglecting  minor  variations  iu  detail,  a  typical 
Conifer  presents  thu  following  filatures: 

Its  microspores'  or  pollen  grains  are  produced  not  only  in 
ipecial  and  separate  Bjjorangia  or  polleu-SMCSj  but  also  ou  ea- 

'  Tor  farther  informatiuo  u  fu  tbese  homologies,  Sec,  ttui  literature 
qooted  maj  tw  consulted. 
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tirely  diflVrent  ahoot*,or  ena  oa  olW  plant*  tban  thoM  nbich 
hrxr  the  female  aexual  organi.  Ench  pollm  fpvtn  on  f^r- 
ininaiinn  (a  proeeaa  which  bj-  ipcoial  appliaocea  ii  brought 
ahuut  ill  close  proxitiiitj-  to  the  femiile  appAratus)  emits  a 
tubular  boily,  in  which  indications  of  division  ocrur,  whtit*  a 
very  few  divisions  arc  alsu  eAtahltshed  in  the  interior  of  the 
l>u11«u  graiu  itself.  It  is  now  i^eneraUy  accepted  thai  the 
internal  divisions  represent  a  protbnllium  even  more  reduced 
than  that  of  Selaginelln,  while  the  polleii-tuhe  ountenu  must 
be  r«-gardtrd  as  the  representative  of  what  becomes  antherf>> 
zoids  in  vascular  Cryptogams — structures  which  are  here 
rendered  unnecessary  as  sucb,  by  arranj^titnenis  already 
referred  to.  Instead  of  shedding  motile  antherozoids,  thcre- 
fure,  tho  pollen  grain  carries  iu  sexual  products  right  into 
the  region  of  the  oospbere  liy  means  of  the  poUen-tube. 

In  the  female  apparatus  we  6nd  the  same  principles  of 
Hii|)pres8ion  carried  bUU  further  ;  the  macroepore'  or  "primary 
pmbryo-»«c "  is  never  shed  at  all,  but  ^erminnles,  so  to 
speak,  infside  its  sporangium — the  so-called  nucleus  of  the 
ovule. 

During  the  gradual  discovery  of  the  phenomena  which  we 
are  discussing,  n  number  of  synonyms  have  been  introduced 
into  the  nomenclature,  and  some  confusion  is  apt  to  arise  in 
coinphring  thrfie  priK-essffl  with  wlmt  occur  in  f'ryptogjiniB  ; 
hence  no  npology  is  offered  for  the  following  summary  : 

The  archt-guiiia  (the  oospheros  of  whicli  ure  the  "  corpus- 
cnla'*  of  R.  Brown,  the  "  secondary  ombryo-sacs"  of  Hen- 
frey)  arc  formed  by  division  of  peripheral  cells  of  a  delicate 
prolhallium  formed  of  UrRC,  thin-walled,  polygoual  cells, 
and  termed  "  endosperm  ;"  this  prothallus  arises  in  the 
protoplasm  of  a  cavity  which  npppars  likt-  an  enlat-jed 
celP  of  the  nuclpufi  of  the  ovule,  and  is  the  "  primwry 
embryo-sac."  Frinn  iu  beiiring  iirchegonia  and  other  rela- 
lionSf  wc  must  regard  this  "  endosperm  "  as  an  internal 
prolhallium  similar  to  thai  which  arises  in  !5elagtnella  before 
the  "endosperm  "  of  llial  plunt  is  formed  ;  the  term  "  endo- 
pperm  "  has  heen  applied,  therefore,  to  two  structures  which, 
whatever  lelalioTis  they  may  have  inorpholojfically,  are  dif- 
ferently distributed  in  lime.  Tlie"endos|icrm  "of  St-laginella 
arises  (i/l«*thcproihttllus  of  ihnt  plant  is  formed,  and  coexists 
with  it  at  the  period  of  fertilisation;  the  *' endosperm  "  of 
Conifers  is  thu  prothallus,  and  hears  ttie  nruhegonia. 

The  archcgonium  of  Conifers  consists  of  an  oospbere,  with 

>  Or  possibly  wrenL 

'  Ana  <■»  i>o  titrscribcd  by  Uofmcitter.  But  c[.  Strasburgcr,  '  Die 
AngiMp.  n.  Gymuosp.' 
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one  or  two  liera  of  four  cell?  placed  orosswise  BuTtnoiintiiig 
ii;  from  the  tiietliod  of  funnation  and  t)ie  fact  that  in  eotiie 
grarraftcaiial-c^ll  bas  beea  obverved  cut  ufffrom  the  uo8[i)iere 
and  forced  up  between    these   cells,  this  "  rosette  "  may   h^ 


Ar^.- 
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'4. — D'lasnm  of  vboUjr  Iiit«raid  ptottialliopa  (to-cnlkd  "eBdMperin  ") 
or  Conifer,  wilti  an  nrctieifoiiium,  ransuting  or  an  oMpliere  ("oiir- 
pa>eu)an,"  "  MocHKlarjr  cmbrTu  sae").  tBxmouulcd  by  a  "rasett«" 
oT  foor  cells,  placed  cro«>-wue ;  betwetm  tleite  n  "  CHtiai-cvIl  "  in  riircrd, 

bA  Icadcoejr  lo  still  rnTtbcr  wUbilrawoJ  witluii  tlic  mucfropurr  (tirimarj 

pnbrjo  aae)  u  ituficaU^ii  hy  \\ie  futmuMikc  ilrjirtuiun.     Pr.  Priinitrj 

*»mhrfo-»»e  at  ai>n.     AV.  Nucleus  of  uvula. 

regitrded  a«  the  neck  of  the  urch^gonium.    As  «een  io  ihe  dia- 
[.im  (Fig.  4)  the  archegoiiium  is  even  more  dL<r[)ly  withdrawn 
ltd  the  prothallus  than  was  the  case  in  Si-laginL-lla.  and  iti 
tome  genera  it  becomes  quite  sunk  iuto  the  prothallus. 

We  may  now  inquire  wh»t  processes  and  structures  in  such 
an  ovule  as  that  of  Gynioadetiia  are  related  to  those  just 
reviewed. 

Tbe  first  step  appears  to  be  to  settle  whether  the  "  embryo- 
eeH**of  iho  Angiosperm  is  the  equivalent  of  the  ''oosphere*' 

iof  the  Gymnosporin  and  Crjptagaiii. 
Warming  and  Venque  argue  sumewhat  as  follows ; — The 
"embryo-snc  mother-cell"  becomes  divided  by  various  trutis- 
fetse  wulU,  juBt  as  the  subepidcntial  cells  uf  au  anther 
become  divi<led  by  walls  paratlul  to  the  epidermis  to  form 
"poUcu  mother-cells.'*  Hence,  the  cells  into  which  the 
Mibryo-SJic  mother -cell  is  cut  up  are  so  many  "  spore  mother- 
cells,  i.e.  each  is  equivalent  to  a  pollen  mother  cell.  Vesque 
Mys  further,  that  t%vo  uf  these  opposed  cells  form  each  a 
group  of  fournuclei  in  its  interior  Just  as  the  [xillcn  mother-cell 
iorma  four  pollen  grains  in  its  iuterior,  and  that  the  cell-wnll 
betweeo  the  two  telrahedral  groups  t>ecomes  alisotbed,  and 
M  eight  nuclei  are  formed,  in  two  groups  of  four  each,  at 
lh«  revpeclive  ends  of  the  embryo-sac  so  formed  by  fusion  of 
Ibe  two  molher-cells. 
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a  third  division  ncross  the  einbrro-^ac  iiiotlier-ccll,  and  not 
ae  the  first  division  of  the  contents  of  the  macrospore 
(embryo-sac).  In  other  words,  we  have  here  a  division  wall 
Bllll  weaker  than  the  two  preceding,  and  the  "  vacuole  " 
is  its  expression.  If  thi<i  he  so,  it  is  possible  that  the 
embryo-sac  mother-cell  is  irally  the  mother-cell  of  font 
ftpotes,  two  of  which  (the  cap-colU)  yield  up  their  contents 
to  their  more  vigorous  neighbours — to  the  other  two,  which 
never  completely  separnie,  but  form  an  "  embryo-sac,"  and 
its  contained  apparatus. 

This  suggestion  does  not  exclude  the  view  that  the  eight 
nuclei  derived  from  that  of  the  embryo-sac  mother-cell  are 
cells  of  rudimentary  prothalli,  but  explains  them  as  belong- 
ing to  (woprothallial  structuresinsteadof  one;  the  one  pro- 
dubes  a  rudimentary  archegonium  ("the  egg-cell  with  its 
•ynergidte  may  perhaps  be  an  oosphere  and  two  neck-cells), 
and  one  vegetative  cell ;  the  lower  spore  prodiires  four  vege- 
tative cells.  How  to  explain  the  subsequent  fusion  of  one  of 
thelK  from  each  group  is  n-jt  easy,  unless  some  advantage 
accrues  to  the  large  embryo-sac,  by  having  a  nucleus  ren- 
dered vigorous  by  material  from  two  slightly  different 
sourceB.  This  is,  however,  too  hypothetical  to  enlarge  upon 
herOj  and  perhaps  we  are  yet  far  from  possessing  the  facta 
nee«BB&Ty  for  an  explanation  of  this  remarkable  process. 
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SruniKs  on  the  PoM.ex-UoDiF.s  o^Mc  Anciospkrms.    By 
Frkd.  Elfviso,  of  IlcUiugfors.'     AVitli  Plate  IV. 

UsTir,  very  recently  botanists  believed  it  to  be  a  well- 
e»iablishe(l  fact  that  tbe  Pollen -bodies  of  ibe  Angiosperms 
were  oiie-cellei),  that  when  once  formed  us  telradcs  in  the 
oolleii  mother-cell  they  underwent  no  further  divisions. 
This  WAS  thought,  too,  to  form  a  direct  contrast  with  the 
Pollen-bodies  of  the  GyrauoKpcrnis,  iti  which,  as  is  well 
known,  shortly  before  the  iicriod  of  pollinaiion,  one  or  more 
so  called  vegetative  cells  are  formed,  which  are  regarded  as 
constituting  a  rtulinientury  niiile  prothnlliis. 

Strasbtirfjer*  has,  however,  quite  recently  shown  that  the 
Pollen-bodies  of  several  Angiosperms,  both  Mono-  as  well  as 
Di-coiylei!ons,  posspss  two  nuclei ;  lie  has  further  shown 
that  one  of  these  onginally  pertained  toasmnll  prripherally- 
forined  cell,  and  that  it  only  Uecainu  free  by  the  subsequent 
teeoluLion  of  the  partition  »atl ;  bo  that  here,  as  in  the  case 
of  the  Gymnospcrma,  a  vegetative  cell  is  formed  in  the  Pollen- 
body. 

Strasburger  further  discovered  in  the  case  of  the  Orchides, 
which  he  examined,  that  the  nucleus  of  tbe  large  cell  is 
ahvays  in  front  in  the  Pollen-tube. 

Strasburger  points  out  that  Roichonbaeh  had  already 
figured  and  described  both  nuclei  in  the  Pollen-bodies  of 
some  Orchids  J  and  tliat  Hartig  had  also  rendered  the  two 
nuclei  visible  in  the  Pollen-bofiies  of  several  plants  by  the 
use  of  a  carmine  solution.  Yet  these  notices,  because  ihcy 
lay  someirhat  out  of  the  beaten  tracV,  remained  almost  uii- 
otnerred. 

t  have  attempted,  at  the  request  of  Professor  Strasburger, 
10  continue  the  researches  into  the  stages  of  development  of 
the  Pollen-bodies  of  the  Anj^ios perms.  My  researches,  with 
this  view,  were  made  in  the  summer  time  of  1878  in  the 
Bolf.nical  Institute  at  Jena,  under  (he  direction  of  Professor 
Strasburger ;  and  this  paper  contains  tbe  result.  In  these 
researches  I  bad  the  ndvanlaeo  of  Professor  Strasburger's 
very  kind  and  able  help ;  and  I  now  glnilly  seize  the  oppor- 
iiiuity  of  expressing  tny  warmest  thanks  to  htm  therefore. 

My  task  consisted  on  the  one  hand  in  following  up  llie' 

'  Tr>n>laied  uul  coiidenMd  from  \hts  'Jennisclia  Xeitsclir.,'  1879, 
pul  1. 

>  "  Ucbcf  Bermcbluag  und  Zflltbeilung,"  '  Jcniiisckc  /ciudinft  Tur 
NBtunriMeDac(iari,'^Bd.  xu  Ncue  l-'olgc  Bd.  iv,  1S77,  Heft.  4,  [>.  4E0, 
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l*ullen-bo(lies>  and  on 
of  the  nuclei  in  tlie 


newly-diKOTereil  cell  tliviiion  in  the 
i1ie  other  in  slndylog  the  relations 
I'onon*tub«. 

The  reason  why  the  fact  of  these  rDllen-bodies  having 
Bevcral  cells  hna  been  oirerlnoked  hjr  investigators,  is  pra 
bahly  a1io;jel)ier  oivtiig  to  the  want  of  a  suitable  raeiho 
of  investigation.  For  if  the  phenomena  which  tak 
plficc  show  iliemselvPH  with  sur[iriHirig  cienrness  in  so 
plants,  even  without  usinj;  particular  reagents,  yet,  in 
general,  little  can  be  gained  by  the  examination  of  fresh 
material ;  and  the  reagents  formerly  nsed  by  botanists 
rendered  little  or  no  assistance. 

Osmic  Hcid,  nhich  has  lately  come  into  use,  proved  to  be 
nn  invahmblc  aid  in  these  investigations.  This  acid  has 
lieeii  used  by  Slrasluirgor  witli  great  success  in  his  iuvesti- 
gntions  concerning  the  "Division  and  Fertilisation  of  Cells,  "i 
After  I  had  tried  several  other  means  for  clarifying  my 
specimens  I  used  the  oitmic  acid  nlone^  and  that  only  in  a 
solution  one  per  cent,  strong.  It  is  always  of  great  advan- 
tage to  add  some  kind  uf  coluiiring  material  to  the  specimens 
preserved  in  osmic  acid;  sometimes  it  is  quite  indispensable 
to  do  so.  A  solution  of  carmine,  to  winch  a  little  glycerine 
was  added,  usefully  served  as  such.  By  these  means  pre- 
parations can  be  obtained  after  a  space  of  twenty-four  hours 
which,  in  the  way  of  clearness,  leave  nothing  to  he  wished 
fur.  It  is  very  usr-fnl  to  break  up  ibe  Pollen -bodies,  if  they 
arc  large  and  richly  filled  with  granular  or  oily  contents, 
immediately  after  the  osmic  acid  has  been  added ;  this  can 
he  done  by  pressing  on  the  glass  cover ;  for  if  left  whole  they 
may  colour  slowly  or  not  nt  oil.  This  is  especially  useful 
when  it  is  desired  to  see  everything  (juickly.  The  nuclei 
arc  in  this  way  pressed  out  and  immediately  fixed,  together 
with  the  rest  of  the  contents  of  the  cell.  It  is  often  even 
possible  to  get  in  this  manner  a  view  of  nuclei  in  the  act  of 
dividing;  colouring  with  carmine  is  naturally  also  here  of 
great  use.  Plants  with  many-Howered  inflorescences  are 
especially  iiuiled  fur  these  investigauons.  If  the  first 
blussomR  of  Buch  a  plant  have  opened,  it  is  easy  to  find  all 
the  younger  singes  of  dcTclnpmcnt  in  the  buds  above  one 
nnolher.  The  vegetative  cell  is,  however,  always  (the  case  of 
the  CypcractiB  alone  excepted)  formed  in  those  PcUen-hodtes, 
which  arc  separaled  from  one  another  j  that  is  lo  say,  if  they 
ever  do  sepFirnte. 

In  order  to  study  the  relations  of  the  nuclei  in  the  Pollen- 
bodies,  I  cultivated  these  in  man}  and  dlierent  solutions. 
This  I  did  in  the  usual  way — viz.  in  suspended  drops  in 
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tnoisi  chaiiibtr.  At  first  I  tried  solutiona  of  cai)e-»ugar  of 
different  degrees  of  concentration,  but,  as  in  many  cases,  no 
utUfnctoi^  results  could  be  obtained  in  ibis  manner,  I  tried 
otber  liquids.  Van  Tic^hem^'  who  also  cultivated  Pollen- 
bodi«a,  Tecomntends  tbc  addition  to  the  liquid  of  "  une  petite 
quautit^"  of  acid  tartrate  of  aminuiiia.  I  fimt  (if  hII  decided 
that  this  "  petite  quanlild"  could  not  Iw  iibore  1  per  cent,,  as 
9tronf;er  aolution^  would  bo  simply  deadly.  Solutions  of 
'1,  '25,  *5,  and  1'  were,  on  tbu  other  band,  of  no  special  use. 
The  direclioiiB  again  of  Vnu  Tieghem  thai  inorganic  salts, 
iugar,  gutn,  and  etheric  oils  should  be  added,  according  to 
the  nveds  of  the  plants,  are  too  general  and  uncrrtnin  to  be 
worth  wasting  time  over  in  further  trials.  After  I  had  mnde 
trial  also  of  »  solution  of  glycerine  one  per  cent,  strong,  and 
aftiT  If  ying  solutions  of  nilrntc  of  iKttassium  aud  of  carbonate 
of  soda,  1  turned  back  to  my  eolutioiiB  of  cane-sugar  (called 
in  the  following  for  the  sake  of  brevity  sugar  sulutioos),  as  the 
most  luitable.  I  made  use  of  lucb  solutions  of  iliRprent  de- 
grees of  concentration  faa  1,  3,  5,  10,  iiO,  30,  and  '10),  for,  as 
might  bave  been  anticipated,  it  WHS  soon  apparent  that  ihc 
maximum  degree  of  concentration  required  is  difTcrent  for 
the  Follen-bodies  of  different  kintls  of  flowers;  while  some 
Polleu-bodiea  developed  tubes  i»  almost  any  solution,  others 
required  a  certain  detiaite  degree  of  concentration ;  the  indi- 
vidual variations  in  this  respect  were  very  remarkable.  I 
is  of  great  importance  to  use,  for  the  purpose  of  cullivation 
quite  ripe,  though  not  over  ripe,  Pollen- bodies. 

Omitting  minor  vartatioiia  I  have  given  in  ilte  following 
pages  the  degree  of  concentration  wliich  proved  itself  the 
moat  useful  iu  tbe  culture  of  the  Pollen  nf  the  Eevcral 
aperies  nf  plants  studied.  I  have  also  given  tbc  lime  {n 
which  the  tube  rencbiid  a  certain  length,  under  circumstances 
which  nere  oiherwiEc  normal.  Where  no  other  £-olulion  is 
mentioned  tbc  cane-sugar  solution  was  the  one  used. 

In  nil  culture  experiments  the  Pollen  tubics  swell  after  a 
time  into  club-Iikc  bodies,  and  finally  finish  off  by  bursting. 

Iu  older  tubes  tbe  still  growing  point  is  found  separated 
by  peculiar  eel  In  lose -plugs  from  the  emptied  posterior  por- 
tions (sec  Stratburger,  I.  c,  p.  456). 

The  culture  experinienls  were  undertaken  with  a  tempera- 
ture as  warm  as  the  usual  one  of  n  room  and  in  the  dark. 
Id  many  kinds  of  flowers  the  tube  formation  aUo  took  place, 
and  iu  a  normal  manner,  in  the  daylight.  I  did  not  turn  my 
attention  further  to  this  point. 

At  the  same  time  I  was,  in  the  case  of  many  plnnls,  unable 
'  Annulet  des  be.  Nat.,  b  Ufitj  t.  xii,  ISC9,  p,  i\^. 
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10  obuin  tubes  artiflo»ll]-.  I  then,  tomelinifs  lucceMfully, 
tried  lo  make  |iTc|iaralioD8  thereof  out  of  tlio  alteadjr  fer- 
tilised pistiU. 

Tlie  PoUim-lubea  which  I  obtained  in  either  way  wtre 
ininiediatdy  6xcd  with  osmic  acid  or  absolute  alcohol.  It 
is  well  to  sejianitc  the  uiotslurc  which  curroauds  the  tube 
as  much  as  {lossible  before  adding  either  of  these  reagents. 
Thi«  can  easily  he  done  ivith  a  capillary  glass  tnW  ;  and 
thus  powerful  diffusion  slreama  are  avoided,  nbich  oftcu 
occasion  ihc  hui'siin<^  uf  the  PoUcn-lubee.  The  &xing  then 
takes  place  almost  iuslanuneously. 

The  Orchids,  edjieciall}-  those  with  ricblr -flowered  spikes, 
offer  splendid  siibjccls  for  such  invcstij^attonB.  I  have  ex- 
amined Orchis  latifolia,  O.  mascuh,  O.  macuhta,  Ophrys 
myudcs,  Plataiithcra  bifolia,  Gymnadenia  conoptea,  and^^H 
Scrapias  francoyallica,  and  am  able  to  confirm  the  «tate-^^| 
menls  of  Slrasburger  in  every  particular;  o;j  which  account 
I  may  for  these  simply  refer  to  his  drawings  (1.  c,  p.  450, 452, 
plate  t.  xxvii,  iig^.  41 — 17).  The  formation  and  develop- 
ment of  the  Pollen -bodies  corresponded  exnctly  with  these  ia 
every  pncticuUr.  The  Pollen-body,  originally  provided  with 
a  round  luiclciis,  is  conipletely  separated  into  two  cells,  of 
which  the  smaller  is  almost  always  to  be  found  iu  one  corner 
of  the  Pollen-body.  The  nuclei  of  these  two  Bieier-cells  are 
round  and  almost  of  the  same  sire ;  the  bodv  of  the  nucleus 
of  the  smaller  cell  ii,  however,  always  smaller  than  that  of 
the  larger.  Ko  trace  of  a  cellulose  membrane  between  the 
two  sister-cells  could  be  delected,  either  by  the  use  of 
reagents  or  by  the  crushing  of  the  Pclten-body.  Eveu  the 
separating  plasmu-kyer  is  removed  at  a  lattr  singe,  nod  in 
the  ripe  Pollen-body  the  two  nuclei  lie  free  beside  one 
another. 

The  foTTDaiion  of  the  PoUeu-lube  takes  a  long  time 
in  the  case  of  the  Orchids,  compared  to  that  required  by 
must  other  plants.  OiiTeren;  species  differ  a  litife  in  this 
respect;  the  beat  results  were  obtained,  as  a  rule,  by  a  culture 
of  from  twenty  to  forty  hours,  and  in  a  solution  of  from  5  to 
10  per  cent,  of  sugar.  Il  proved  to  be,  as  Strasburger  first 
found  in  these  tilaiit^,  that  the  nuclei  wauder  together  into 
the  tube,  ftnd  tnnt  in  doing  so  the  nucleus  of  the  larger  cell 
grows  quite  dispioportiontitely.  Uoih  taken  sorntwliat  long 
elliptic  shape.  In  tuiwn  the  results  of  older  cultures,  the 
anterior  nucleus  hail  elongated  itself  in  a  gtrikiug  maimer; 
the  nucleolus  was,  however,  lo  be  seen  clearly.  I  am 
inclined  to  regard  this  as  only  a  change  caused  by  cul- 
Wvatiun ;  because  in  tubes  extracled  from  styles  uue  always 
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fitiils  ihe  nuclei  of  the  same  form,  and  this  also  when  ihcy 
aie  leBS  developed. 

I  have  tried  (o  fullotv  the  nuclei  until  the  moment  of  fer- 
tilisation. In  (ryi/tnuflenia  conopsca,  used  as  a  favornble 
object  of  research,  I  was  able  to  make  out  definitely  that  the 
nuclei  were  to  be  found  some  dislatice  from  the  puinl  in  those 
tubes  nbich  had  nlicady  pressed  their  way  into  the  micro- 
pjle,  and  whose  point  already  touched  the  inner  tegument  of 
the  ovule.  lu  many  cases  one  of  the  nuclei  again  divided 
Itself;  and  so  there  were  three  nuclei.  It  always  seemed  to 
me  10  be  the  posterior  nucleus  which  had  divided,  and  in  the 
case  of  Orchis  maculata  I  can  state  positively  that  it  was  the 
posterior  one.  As  soon  as  the  fertilisation  is  over,  which 
can  b«  seen  by  the  changed  condition  of  the  envelopes  in  the 
embryo  sac,  no  further  traces  of  the  nuclei  ate  to  be  found. 
The  whole  end  of  the  tube,  whose  point  lies  on  the  embryo 
sac,  often  separated  by  a  cellulose  plug  on  the  outside,  is  a1- 
ti^etber  homogeneous  and  highly  refractive. 

I  may  as  well  state  here  that  I  have  brought  ovules, 
which,  were  capable  of  fertilisation,  and  tubes,  when  they 
(the  tubes)  were  growing  vigorously,  together  into  one  drop 
of  saccharine  solution  ;  but  that  in  no  case  could  any  entry 
of  the  tube  into  the  micropyle  be  observed,  not  to  spuak  of 
an  act  of  fertilisation  (Van  TJegbem,  1.  c,  p.  3S2,  and 
Strasburger,  1.  c,  p.  486).  I  will  begin  the  description  of 
the  stages  of  development  in  the  Monocotyledons  which  I 
examined,  with  the  following,  which  1  found  to  be  one  of  the 
best  examples. 

ArUhericum  ramosum. — The  Pollen-bodie«  of  this  species 
are  almost  semi-spherical.  In  a  dry  condition  their  convex 
fide  is  deeply  folded  in.  Tlie  exline  is  here  very  thin,  and 
mostly  brokeu  ihrough  by  the  strong  development  of  the 
intine,  which  later  wul  evolve  the  tube. 

In  examining  flower  buds  of  about  5  mm.  in  height  Pollen- 
bodies  are  generally  found  in  which  the  vegetative  cell  la 
already  formed  (Plate  IV,  fig.  \).  It  is  very  difficult  in  the 
case  of  this  plant  to  observe  in  detail  the  various  stages  of 
division  on  account  of  the  dense  contents  of  the  celts.  There 
iff  however,  no  difficulty  in  ascertaining  that  the  large  circular 
nucleus  places  itself  in  the  equatorial  plain  of  Ihc  Follen- 
body,  and  there  divides  itself.  The  result  of  the  division  is 
two  cells.  One,  taking  up  by  far  the  larger  pare  of  the 
Pollen-body,  has  a  far  larger  nucleuSj  which  is  very  like  the 
original  une,  and  tike  it  bus  a  very  largo  nuclear  body.  The 
uther,  ami  far  the  smalWr  one,  isuliachcd  to  one  side  of  thf 
Pollen-body,  and  is  separated  ^om  the  sister-cell  by  a  watch- 
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Slttu  shaped  wall,  to  which  the  inliao  is  ftltached  ;  it  ii 
isiinguished  by  ils  tratispamit  almost  homogeneous  proto- 
plftgin,  by  its  roundish  oval  nucleus,  the  nuclear  body  of 
which,  though  larg«,  is  stitl  smaller  than  that  of  the  largeri 
cfU.  A  pariitioii  by  menus  of  ii  cellulose  membrane,  as  in 
the  Orchids,  ftt'ldom  takes  place,  as  the  result  of  this  itiTision. 
The  two  cells  areufteiierouly  separated  by  a  layer  of  cortical 
plusma,  which  originates  from  tho  "  cell  plate." 

The  vofrciativc  cell  soon  separates  itself  from  the  inline 
altogelher,  and  appears  at»  a  spherical  furijiaiioii  iu  the  iuside 
of  the  Polk-n-bcKly  (fig^.  2  ami  3).  This  cell  clongat 
itstilf  considerably  in  length  and  becomes  spindle  shaped^ 
with  pointed  ends,  which  are  bent  in  (figs.  4 — 6} ;  its  uuclciia 
remains  almost  unchanged.  If  the  Pollen-bodies  are  care- 
fully  crushed  in  a  saccharine  solution  (5  per  cent,  strong)^ 
this  Duck-us  is  easily  found  intact  among  llie  contents,  which 
arc  pressed  out.  When  pressed  out  of  rather  young  Pollen- 
bodies,  it  generally  becomes  rounded  and  assumes  a  sphericftl 
shape,  although  it  may  have  had  already  in  tho  Pollen- 
body  the  spitidle  shape.  In  ripe  Pollen-bodies,  on  the  other 
hand,  it  is  tolerably  resistant,  and  keeps  its  form.  Ils 
nucleus  appears  clearer  than  the  surrounding  protoplasm  if 
OBtnic  acid  is  added  ;  it,  however,  stands  out  darker.  When 
a  strong  solution  of  sugar — the  best  is  one  of  20  per  cent.— 
is  used,  or,  when  a  weak  agent  is  added  capable  of  absorbing 
water,  the  inner  plasm  structures  will  be  seen  to  contract  and 
to  leave  behind  ns  a  nicmbrano  the  outer  cortical  plasm. 
The  whole  is  colouivd  brotvn  by  a  chloride  of  xinc  solution. 

While  the  vegetative  cell  changes  in  the  nmnner  just 
described,  the  nucleus  of  the  big  cell  remains  at  first  unaU^ 
tered.  )t  afterwards  becomes  longish,  ami  iu  doing  so  often' 
bends  upon  itself.  Upon  this  its  nucleolus  also  vnnishea. 
It  is  very  ditHcult  to  point  out  the  nucleus  in  the  ripe  Pollen- 
body  without  using  staining  materials.  The  nucleus  appears 
then  as  an  irregularly-shaped,  often  crumpled  bodj]  or  as 
membranous  and  shrunk  together  (fig.  6). 

Anthericum  liUayo  corresponds  with  the  above  speriies, 
except  that  tiie  Urge  nucIeuH  keeps  its  round  form.  In  a 
Pollen-body,  which  lay  alrcitily  on  the  stigma,  but  had  pro- 
duced no  tubes,  the  nucleus  was  appatent,  when  fixed  with 
osmic  acid  and  coloured  with  carmine,  as  n  strangely  star- 
shaped  body  (fig.  H),  and  gave  one  the  idea  that  it  might 
have  performed  amceboid  movemunls  while  it  was  being 
fixed.  Direct  observation  on  the  living  Pollen-bodies  was 
impossible  on  account  of  the  thick  contents  of  tlieir  cells. 

pollen-tubes  couU  iigt  be  obiaiu«d  from  these  two  species 
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bjr  culture,  I  tlicrerore  prepared  them  intlcpendentty  from 
pollen- besprinkled  pistils.  In  Anthericum  Imago  tho  whole 
Tcgetative  cell  it  found  in  the  tubes,  togetbct  »iib  tlit.* 
nucleus  uf  \\\e  big  cell,  wliich  is  very  much  elongated 
and  oftf^D  looks  like  a  very  tine  thread.  It  is  usually 
this  nucleus  which  goes  first,  though  nut  without  excep* 
lioD.  Fig.  7  shona  eucti  a  tube,  which  ahn  exliibiis 
the  rather  rare  instance  of  branching.  On  the  other  liand, 
in  Antherieum  ramosum  I  could  observe  no  nuclei  as  soon 
ta  the  lubes  were  formed. 

It  is  very  much  the  same  with  Globba  bracteata,  only  that 
ill  this  case  one  can  intlicute  no  special  place  in  which  the 
TCgetative  cell  will  be  formed,  owing  to  the  I'ullcn-bodv 
being  spherical  and  provided  with  a  niembranc  equally  thick 
all  over.  In  its  ripe  condition  the  rollen-body  ta  shaped 
like  that  of  Antbericum  (fig.  4).  The  Pollen-lwdien,  in  a 
solution  of  5  per  cent,  of  sugar,  produce  short  tubes ;  these, 
howeTer»  stop  too  short  to  allow  of  conclusions  about  tbe 
behaviour  of  the  nuclei. 

Tulipa  Geiiwriana  (figs.  0 — 14)  corresponds  in  most 
particulars  with  .\nthericum.  The  vegetative  cell  is  enor- 
mously developed  (fig.  12  shows  two  pressed  out),  and  its 
nudeus  is  often  provided  with  several  nucleoli.  In 
the  ripe  Follen-body  it  immediately  strikes  one  from  its 
bize  and  half-moon  6ha[>ed  form.  Occasionally  I  have  found 
K  division  of  tbe  vegatative  cell  iu  the  younger  Pollen-bodies 
(fig.  13).  In  the  tubes  (1 — 3  per  cent,  sugar  lolulion; 
eighteen  hours)  tbe  nucleus  of  the  big  cell  went  before,  and 
vas  followed  by  the  elongated  vegeiative  cell  (fig.  14). 

Iu  Omithogalum  pyramidale  the  vegetative  cell  is  aUu 
formed  in  a  comer  of  the  Pollen-body,  opposite  to  the 
opening  in  the  extine.  In  one  instance,  with  osmic  acid 
and  carmine  preparations,  the  division  wall  between 
the  two  cells  clearly  appeared  double-contoured  and  was 
highly  refractive  like  the  inline,  into  which  it  undoubtedly 
passed  over  (Rg.  15).  I  have  no  tlouht  that  in  th  s  case  a 
cellulose  membrane  was  really  formed. 

Its  further  development  corresponds  with  that  which  has 
already  been  described.  The  vegetative  cell  becomes  tinally 
much  elon^teil  by  slielcliing,  and  has  puinted,  often  bent 
in,  ends.  The  greatest  part  of  it  is  occupied  by  the  almost 
cylindrical  nucleus  which  possesses  no  nucleolus  (figs.  16, 
17).  On  crushing  out  the  contents  of  a  ripe  Pollen-body  tbe 
vegetative  coll  appears  as  a  hyaline  body  in  the  midst. 
Both  ends  are  filled  with  yellowish  coloured  little  bodies; 
in  general  it  has  a  strong  resemblance  to  a  cell   nucleus,  for 
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which  it  ivRB  taken  in  the  like  case  of  Narcitstu  jtocticuM 
by  Slrasburger.  O.imic  acid  dis&olves  ihe  yellow  bodies, 
but  briiiKs  out  the  nucleus  clearly  in  the  niidtt  (figi.  18, 
18o).  ihe  nucleus  of  the  larger  cell  undergoes  conHder- 
ablo  changes,  whereby  the  f;reateit  pitrt  of  iti  sabttance 
'becomes  dis&olreJ,  so  that  ftnalljr  only  ■  small,  irreguUrly 
shaped,  often  whfpcord-like  remainder  of  it  can  be  made 
out  (fi^s.  10,  n). 

Ontiihoffalum  Eckhnii  corresponds  with  the  preceding. 
The  Pollen-boiHcs  in  both  s]iccies  produced  no  tubes  in  the 
various  solulions  I  used.  There  were  no  traces  of  nuclei  to 
bo  seen  in  the  tube*  of  O,  Echhnii,  which  I  prepared  from 
the  styles,  and  which  could  be  followed  lhrou<>hout  their 
whole  length;  the  ends  of  the  tubes  w«re  thickly  filled  with 
fine  granular  protoplasm,  and  were  cut  off  from  the  empty 
upper   part   and  from  the   nucleus  by  the   usual  cellulose 

plugs- 

Leucojwn  aativum  is  a  very  favorable  subject  for  exami- 
nation, where  the  whole  course  of  development^  almost  with- 
out using  re-ageuts,  can  he  pursued.  The  formation  of  the 
vegetative  cell  takes  place  in  tolernbly  old  buds.  It 
is  marked  off  by  a  thick  archetl-in  wall  of  cortical  plasm. 
The  contents  ajipears  almost  homogeneous  (lig.  19) ; 
the  addition  of  oamic  acid  causes,  however,  the  nucleus, 
which  possesses  no  nuclear  body,  lo  appear  very  ilifttinotly 
(fig.  20).  The  question  whether  the  vegetative  cell  is  formed 
iu  a  pnrticuliir  part  of  the  Pollen-body  I  must  leave  un- 
answered, as  I  did  not  direct  my  attention  to  that  point  in 
examining  it.  Neither  does  my  drawing  allow  me  to  come 
to  any  definite  conclusion.  The  nucleus  of  the  large  cell  is 
provided  with  distinct  nucleoli. 

The  vegetative  cell  now  loosens  itself  from  the  inline;  at 
first  spherical  (fig.  ?1),  it  soon  assumes  the  shape  depicted 
iu  figs.  «iJ  and  23.  The  largest  part  of  the  cell  is  occu- 
pied by  the  now  elliptic  nucleus,  which  appears  pellucid 
in  the  fresh  Pollen-bodies,  while  the  protoplasm,  permeated 
by  dark-coloured  granules,  is  pushed  away  almost  entirely 
into  the  ends,  which  are  bent  in  like  horns.  Fig.  iS  shows 
such  a  vegetative  cell  after  treatment  with  osmic  acid. 
Fig.  S4  shon-6  the  two  nuclei  crushed  out  and  treated  with 
osmic  acid  and  carmine. 

Bhottly  before  the  period  of  fertilisation,  the  wall  of  the 
vegetative  cell  is  absorbed,  and  at  the  same  time  the  nucleo- 
lus of  the  larger  cell  disappears,  »o  that  the  two  nuclei  are 
hardly  to  be  distinguished. 

Pollen-tubes  are  lo  be  obtained  easily  by  cultivation  (S  to 
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5  per  cMit.  strong,  six  hours).  The  nuclei  Iravcllinf;  into 
them  itre  thereby  elongated  and  become  altogether  simitar 
to  one  another  (fig.  S5). 

A'arcijau*  paettcus. — Here  the  development  is  prcciBely 
nniiUr,  ouly  th»t  the  vegetative  celt  18  more  sptiidle  shnped, 
almost  like  that  in  Ornithogaluni. 

I  obtained  Pollen-tubes  of  N.  jtocticua  after  four  hour»\ 
cultivation  in  n  solution  of  3 — 5  per  cent,  of  sugar.  In 
geoernl,  the  nuclei,  as  soon  us  they  havu  entered  the  tubeSf 
cannot  be  dislingiiished,  ns  they  have  become  dongalcd  enrlj', 
often  even  in  the  PoUcn-boily  [fig.  !3C}.  In  many  cases,  how- 
ever, viz.  where  (he  nucleolus  of  the  nucleus  belonging  to  the 
larger  cell  was  still  preserved,  I  was  able  to  ilelermine  with 
certainty  that  sometimes  the  nucleus  of  the  vegetative  cell  and 
■omeiimes  that  of  the  Urge  cell  went  in  front.  I  once  saw, 
what  it  very  exceptional,  the  doubling  of  the  posterior  nucleus 
(fig.  27). 

/n«  iihirica  is  very  difEcult  of  examination  owing    toe 
the  richness  of  the  cell    contents  and   the  thickness  of  th 
cxline.     The  extine  can  be  reinoved  and  llie  cundiltouB  of 
the  investigation  made  easier  if  the  Pollon-bodii  s  are  put 
into  a  drop  of  water  or  of  sugar  solution,  and  the  covering 
glass  19  repeatedly  raised  up  and  down  by  means  of  a  jiair 
of  small   pincers,      By  such   manipulation   the  extine  will 
teparale  from  several  Pollen -bodies.     If  the  PoUeu-bodiea 
of  older  buds  are  subjected  to  this  treatment  it  is  sometimes 
possible  to  press  the  whole  contents  uf  the   large  cell  out, 
so  as  to  leave  the  small  vegetative  cell  attached  to  the  inline 
(fig.  39).     It  must,  therefore,  be  surruuiided  by  a  tolerably 
resisting  (cellulose  ?)  membrane,  and   I   actually  succeeded 
ooce   in   demon str.itiiig   such  a  membrane  by    a   cautious 
crushing  (fig.  28).     The  vegelaiive  cell  is  lilways  formed  on 
the  Battened  side  of  the  Pollen.hody.  Its  nucleus  has  a  small 
nucleolus,  the  nucleus  of  the  larger  cell  is  a  little  larger  and 
has  also  u  larger  nucleolus.     In  the  ripe  PoHen-hudy  the 
two  nuclei  arc  almost  uuchungcd,  the  vegetative  one  is  some- 
times naked  and  sometimes  covered  with  a  hyaline  proto- 
plasmic mass  of    a    spiudlc   shape,   which  represents   the 
vegetative  cell  set  free. 

Pollen-tubes  were  obtained  after  a  cultivation  of  six  hours 
in  a  solution,  30~^i0  i>cr  cent,  strong,  of  sugar.  As  soon 
as  the  tube  formation  begins  all  signs  by  which  one  can 
distinguish  the  two  nuclei  vanish.  They  travel  rather 
late,  and  often  beside  one  another  into  the  wide  tube»,  and 
can  then  only  be  pointed  out  as  bits  of  protoplasm,  coloured 
deeper  thau  the  rest  by  carniioe,  nhich  hare  uo  clear  oulUue. 
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Iris  rifihiutn  ;  llie  development  is  Kuiiilar  to  that  of  /.  «i'6- 
iriea.  1  once  itliscrred  one  of  its  vo^etaiivc  cells,  whose 
nucleus  had  iliviilt;d.  The  nucleus  of  the  big  cell  sometimes 
goes  first  into  the  lubes  and  somutiuies  tliat  uf  the  small 
one.  Thty  also  often  go  beside  one  nnotber.  The  substance 
of  the  Itiri^e  iiuclt;us  becomes  very  uiucli  elongated  ou  enter- 
ing, and  approaches  (be  point  of  the  tube  by  beudtug  anil 
ttvistiDg  itself.  The  vegetative  nucleus  retains  i{g  shape 
even  at^er  the  dissolution  of  its  surrounding  protoplasni 
(fig.  30). 

Tradetcantia  cirginica  ;  here  the  nuclei  are  very  stniiigcly 
formed  (fig-  37),  as  Ilartig  has  already  reninrked.  Oi:e  of 
them  is  very  long  and  nnrrow,  curved,  with  brnt-in,  almost 
rolled-in,  ends  ;  it  is,  indeed,  often  of  a  tricbiiiu  fuini.  The 
other  is  round  and  finallv  uf  the  same  star-Ghiipcd  form 
which  is  met  with  in  Aut/iencum  lUiatfo.  Doth  ajQ  devoid 
of  nucleoli.  The  developmental  history  icHs  us  that  the 
former  nucleus  originates  from  the  larger  cell;  while  tlio 
other  sauwige-shiiped  one  is  the  tonsidenildy  modified  vegeta- 
tive nucleus.  I  may  here  mention  in  pug&ing  that  themanner 
of  division  corresponded  with  that  desciibed  \>y  Strasburger 
for  the  integument-cells  of  Nutkoscordum  fraifrans  ('  Uebcr 
BefrtichtuDg  uiid  Zelliheiluug,'  p.  517,  Taf  xxxiii,  figs. 
47—54). 

I  examined  the  Pollen-tubes,  which  were  prepared  out  of 
the  style.  These  tubes  grow  out  of  one  end  of  the  Pollen- 
body.  Already,  whilst  the  two  nuclei  lie  in  the  Pollen-body, 
the  round  one  becomes  much  €loTigatcd,aiidaft€r  the  two  have 
entered  the  tube  they  are  in  every  respect  sitnilar,  becoming 
very  long  and  drawn  out.  I  discovered,  however,  some 
instances  in  which  the  vegetative  nucleus  lay  in  the  Pollen- 
body  with  its  charncterislically  rulled-up  end«,  while  the 
other  had  already  left  it. 

Sparganium  ramosum  shoirs  a  similar  development  to 
that  of  Typha  angustifolia.  The  formation  of  starch 
(which  hinders  observation  iu  Typha)  begins,  how- 
ever, later,  bo  that  I  can  state  positively  that  the  Tcgeta- 
tive  cell  generally  separates  itself  and  assumes  a  spindle 
shape  (fige.  41,  411').  The  vegetative  nucleus  only  becomes 
free  after  further  development  (fig.  43),  after  which  its 
nucleolus  vanishes  (fig,  44).  The  nucleus  becomes  deeply 
coloured  by  carmiue.  The  nucleolus  of  the  large  nucleus, 
deeper  coloured,  can  generntly  he  found  in  tlie  ripe  Pollen- 
body. 

The  nucleus  of  the  large  cell  siimetimes  goes  first  into  the 
PoUen-tube!i(5 — 10  per  cent.,  eighteen  hours)  and  sometime; 


POLLEK-DODIBS  Or  TUB  ANOIOSrRBMS. 


29 


thp  nncleitft  of  the  vegetaiive  cell  (fijfs.  45,  46).  It,  however, 
■Iwj  hai»|>en»  that  the  latter  may  remain  behind  in  tlie 
Pollen-bodj  (fig.  4S).  The  vegetative  nticleite  itivides  later 
on  in  the  tube,  and  this  occurs  both  when  it  is  in  front 
us  well  s<  when  it  h  behind  (figs.  45,  47).  I  aerer  found  it 
thus  dividing  while  in  the  Pollen-body. 

In  Pothos  Olfnrsii  the  (wo  nuclei  arc  similar  alio,  being 
both  elliptic  and  l)tnf(  beside  one  another. 

Not  to  mention  the  division  of  the  vegetative  nucleus  in  the 
Pollen-tuhefl  of  thf  Orchids  and  in  Sparganiuin,  I  found  that 
division  of  the  rcgetativo  nucleus  may  occur  in  Iri$  xiphium, 
and  a  duplication  of  the  vegetative  cell  itself  in  the  Pollen- 
body  of  TuUpa  gesneriana.  In  these  species  this  is  excep- 
tional. Ill  »<>me  MonofOtyledonBSuch  a  formation  of  bo v oral 
vrgetntivc  L-elle  is  normal.  Thix  is  well  Heun  \i\  Awlropogon 
eampoHua.  The  Pollcn-bodics  of  this  species  are  spherical, 
with  B  thin  extine  which,  as  in  all  the  Graminese,  is  pieiced 
by  a  small  orifice,  through  which  later  the  intiiie  grows  out 
into  a  tube.  In  the  stage  of  development  in  which  the 
vegetative  cell  is  formed,  the  Pollen-body  contains  only  a 
tbiu  parietal  layer  of  finely  granular  protoplasm,  surround- 
ing a  large  vacuole.  These  Pollen-bodies  are  very  favor- 
able objects  for  exaraiimtiou,  as  st'irch  and  other  bodies 
K>mctimc8  enclosed  in  protoplasm  are  nltogrtlicr  absent. 
Ttideed,  I  have  found  no  other  plant  which  showed  the 
fcjTTOation  and  development  of  the  vegetative  cell  so 
plainly,  without  making  use  of  rcagenle.  Pollcn-hodics  can 
be  found  in  almost  every  anther ;  even  in  blossoms  Avhich 
are  already  ni*  for  pidlinaiion  many  Pollen-bod ivs  appear 
in  a  retarded  »Iate 

Originally  the  Pullen-hody  carries  only  one  single  nucleus 
(tith  a  Ducleolui.  A  small  vegetative  cell  ii>  thtrii  formed 
diametrically  opnooite  the  orifice  in  the  cxiine.  It  is  of  the 
usual  shape  with  clear  protoplasm,  and  with  a  spherical  or 
oval  nucleus,  irhich  is  provided  with  a  small  but  distinct 
nucleolus.  The  nucleus  of  the  large  cell  is  generally 
disk-shaped,  and  has  a  brgc,  strongly  rofrnciiTc  nucleolus 
ffigs.  54,  65).  Typically,  the  vegetative  cell  next  divides 
ii««lf  into  two  equal  ai«ter-c«lls,  one  of  which  often  divides 
&»ain,  so  that  we  have  finally  three  veg^-tative  cells  (figs.  58, 
5!)),  The  nucleus  of  the  large  cell  remains  unchanged. 
When  thif>  is  over  the  protoplasm  increases  in  volume  and  the 
PoUen-body  filK  iisi'lf  with  starch  grains.  Soon  the  vcge- 
tativft  cells  are  detached  and  float  about  freely  (figs.  GO, 
H  61).  Before  the  PolU-n-bodifs  reach  their  ripe  condition 
H  several  nucleoli  arc  absorbed,  the  nuclei  ihemsclvcB  undergo 
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n  lengthening  out  whereby  th«  ]argc  nucleus  visibly  dimin- 
ishes in  volume. 

Jiromus  erectus  corrcsponda  in  tnttny  particulars  with 
Andropo-ion.  Thp  original  cell-nuclcii»  has  often  ««  nmiiy  ni 
four  nucleoli.  The  two  daughter- eel  Is  have  often  more. 
Division  taltes  place  in  ihis  species  tolerably  lare,  a$ 
eeents  to  be  tlie  rase  in  most  of  the  Graminea?.  in  ihis  case 
when  the  aniher  is  about  a  centimeter  in  length.  The 
Tegetative  cell,  which  is  also  here  formetl  diamctriciilly 
opposite  to  the  orifice  in  the  extine(liga.fll — 63) ,  divides  itself, 
not  immediutelvj  as  in  the  case  of  the  last-named  plant,  but 
after  the  nucleolus  is  resorWd,  first  loosens  itself  away 
from  the  extine  and  now  appears  free  in  the  surrounding 
plasm  in  wliich  it  sooner  or  later  assumes  a  somewhat  elon- 
gated  form  (figs.  64,  65).  Then  it  becomes  hidden  by  a 
copious  mass  of  starch  grains  I  have  only  once  seen  the 
division  into  two  of  the  vej^tative  nucleus  in  the  uninjured 
Pullcn-body  (fig.  66|,  it  is,  on  the  other  hand,  very  easy 
when  the  Poll i*ii- bodies  arc  phiccd  in  »  6  per  cent,  sugar 
solution,  to  find  conditions  liku  those  in  figure67,  where  the 
regetntlve  cell  has  become  divided  into  two  still  attached 
cells,  forming  a  stckle-ihnped  body.  The  two  vegetative  nu- 
clei are  alike  oval,  and  without  any  nucleolus.  Later  on  they 
become  considerably  elongntod,  together  with  their  surround- 
ing celU,  which  are  often  found  in  the  crushed-out  contents 
hanging  on  by  their  ends,  the  nuclei  bein^  then  ofren  crum- 
pled up  ;  the  nucleus  of  i  lie  larger  cell  with  its  larger  nu- 
cleoKis  being  still  unaltered  (fig.  68).  At  the  last  even 
this  nudculus  becomrs  disfolved,  wliercupon  the  nucleus 
stretches  and  curves  its;;If,  sd  that  finally  it  is  not  to  be  dis- 
tinguished from  the  two  vegetative  nuclei,  the  aurrounding 
protoplasm  of  which  hus  inf.inwhile  disappeared  (fig.  69). 

Ill  Butomus  umbeUatus,  as  in  all  the  Liliaceir,  the  vegeta- 
tire  cell  is  funned  directly  opposite  the  opening  in  the  extine, 
and  somewhat  lalc,  namely,  just  before  the  buds  are  un- 
folded (fig.  75).  The  PoUeii-body  may  remain  in  this  state 
until  the  formation  of  the  Pollen-tubes;  a  division  of  the 
%"egetative  nucleus  into  two  generally  lakes  place,  however, 
either  when  it  is  still  enclosed  in  the  vegetative  cell  (fig.  76), 
or  after  the  partition  wall  is  absorbrd.  Lastly,  these  two 
Tcgetative  nuclei  are  small  and  roundish,  with  an  indistinct 
nucleolus;  thev  arc  more  deeply  coloured  by  carmine  than 
the  nucleus  of  the  largo  cell,  which  preserves  its  nucleolus 
a  long  time. 

TiibfS  wfre  formed,  but  rather  sparsely,  in  a  solution  of 
Bugar,  5  per  cent,  strong,  afWr  a  space  of  tweaty  to  thirty 


liours,  niij  1  very  often  found  tube*  wbich  hsd  readied  a  con* 
fiderabic  length,  and  appeared  otherwise  quite  uormal,  to 
have  witliin  them  the  nucleus  of  t'tc  large  cell,  ivhilc  the 
vegetative  cell,  or  Tegetatlve  cells,  remained  ou  the  intine 
quite  intact  (figs.  78,  79).  la  tlioso  cashes  in  which  tho 
iiuclei  of  the  vegetative  cells  were  free  they  ^eneraltyi 
though  not  nlnayt,  enlereil  lite  tube,  and  that  Uler  than  the 
large  nuclei  (lig.  77). 

Aiisma  pUmtago  corrcapondi)  wholly  with  Bromua,  except 
that  the  place  where  the  vegetative  cell  is  formed  cannot  be 
preciftcl)  indicated  on  the  spherical  I'ollen'bvdy.  Attempts 
at  cultivation  were  fruitless. 

In  Arum  ternatum  the  vt^etative  nucleus  divides  also  into 
two.  This  can  easily  be  i;ecu  in  rollcn-bodius,  which  are 
crushed,  and  ttieu  immediately  fixed  with  osmic  acid  (ligs. 
70 — 72).  The  two  small  vegetative  nucK-i  are  then  often  still 
surrounded  with  their  vegetative  protoplasm  (fig.  73).  The 
nuclcns  of  the  large  cells  appears  wrinkled  up  in  the  fresh 
I^ollen-bodies ;  when  it  h  snbjeoled  to  pve?$iii'e  it  assumes 
ihp  most  strange  forms,  which  arc  more  or  Uss  slar-slmped, 
often  even  the  "  glove-shaped"  form  of  Hnrtig  (fig.  74). 
Cultivation  proved  barren. 

In  the  CtfperacctB  I  found  the  most  complicated  phenomena 
of  development.  I  specially  examined  Eleocham  paiu^iris. 
Almost  all  stages  of  development  can  be  found  in  the  large 
spikelcts.  At  the  time  when  the  lowermost  blossoms  have 
opened,  the  Pollen-bodieB  in  the  up]ier  ones  are  still  united 
and  polygonal;  they  have  then  a  Inrge  nncleiis  in  which 
one  almost  always  fees  several  nucleoli  (fig.  S^).  Later 
on  the  nucleus  divides,  and,  indeed,  it  would  seem  is 
complete  usually  before  the  separation  of  the  individual 
Pollen -bodies.  As  (oon,  hovevcr,  as  the  Pulten-bodies  have 
become  free  and  have  taken  tlieir  definite,  almost  spherical 
shape,  a  division  takes  place  of  that  nucleus  which  lies 
towards  the  apex  of  the  cell  (fig.  84).  One  of  t!ic  so 
formed  sister<cells  divides  again,  so  that  we  thus  have 
four  nuclei  in  the  Pollen-body,  three  small,  oval  one« 
lying  close  to  one  another  in  the  point  of  the  Pollen-body, 
and  one  large,  more  central  (figs.  85,  86).  In  most 
nncleolit  often  several,  are  to  be  seen  ;  that  of  the  cen- 
tral nucleus  surpasses  the  rest  in  size.  Only  cxcepliunRlIy 
are  four  nuclei  found  in  the  point,  giving  a  total  of  five. 
The  prolopLnem,  which  fills  the  point  and  surrounds  the 
thrco  little  nuclei,  often  appears  brighter  than  that  in  the 
other  part  of  the  Pollen-budy,  and  occasionally  indications 
of  plasmatic  pariitiou  walls  can  be  seen,  which   mark  the 
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boundariea  of  the  nuclei;  lhr»,  howcrcr.  dinppnr  soon » 
and  the  protoplum  then  appearr  altogether  homogpneons  in 
the  whole  Pollen-bmly. 

The  MDtral  nucleus  now  ilivides  (figs.  87 — 89;.  Ooe  of 
the  sister  nuclei  is  lai^er,  and  has  a  distinct  nucleolus ; 
the  o( tier  is  like  those  in  the  point,  and,  like  these,  hu  * 
tmall  nuclcolnf.  The  three  Email  nuclei  are  ^adually  ab- 
sorbed after  this  division  ;  they  tnke  cnlour  in  carmine  solu- 
tion, gradually  less  and  less,  and  finnlly  disappear  nito- 
gether  (figs.  90 — 9%).  As  the  two  remaining  nuclei  often 
show  seTernl  nucleoli^  one  might  perhaps  conjecture  that 
here  it  is  not  a  resorption  of  the  smaller  hut  a  conjugation 
of  the  liirger  nitli  the  smaller  nuclei  that  takes  place,  such 
as  is  the  case  in  the  embtyo-sac,  OhepTvation,  however, 
shoM-s  that  several  nucleoli  may  be  alr<^ady  present  before 
the  small  nuclei  are  absorbed. 

Of  the  two  nuclei  which  are  now  ]rn*5ent,  the  one  pro> 
vided  with  the  smaller  nucleolus  finally  dividf's  again 
(fig.  93)  ',  so  that  we  have  definitely  three  nuclei.  One 
larger,    with    distinct    nucleolus,  and    two   small,    which 

[.generally    have    either   noue   or   a    very   small    nucleolus 

7fig.94). 

When  these  divisions  have  been  accomplished  the  Pollen- 
body  has  become  ripe.  The  extine  has  become  clearly  dif- 
fercntinted,  and  the  contents  include  starch  grHnutes,  and 
sometimes  one  finds  ripe  PoUen-hnclies  which  appear  to  have 
two  cells  (fif^.  98);  closer  examination,  however,  ^hows 
us  that  we  have  not  here  to  do  with  a  cell  division  in  the^ 
usual  sense  of  the  word.  The  ]>artiiion  wall  has  rather 
been  formed  by  an  accidental  fusion  of  peculiar  inner 
thickenings  of  the  intine,  which  is  normally  somewhat 
strongly  developed  in  the  apex  of  the  Pollen-body  (tigs.  {*5 
—97).  In  one  instnnce  I  observed  a  nucleus  in  this  so- 
formed  chamber,  which  nucleus  was  clearly  one  of  the  three 
originally  lying  in  the  npex;  its  nsorption  had  been  pre* 
vented  by  the  early  formation  of  the  pnttition  wall. 

The  Pollen  tubes  (0 — 10  per  cent.,  5  hours)  always  grow 
either  from  the  ha?e  or  from  the  side  of  the  Pollen-body, 
never  from  the  apex.  The  nucleolus  of  the  Inrge  nucleus 
vaniiiihes  at  this  time,  so  tliat  it  can  only  be  distinguished 
by  its  size,  and,  in  niofil  iiistancec,  hy  its  clearer  colouring 
from  the  two  others.  All  three  suffer  a  diminution  in  size. 
The  nuclei  do  nut  go  into  the  tube  in  any  particular  order. 
In  most  cases,  perhaps,  ii  is  the  targe  nucleus  which  goes  ia 
front,  and  it  is  often  elongated  CHks.  99,  100).     But  other 

Lcombioations  may  take  plau>  (figs.  101,  102). 
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0(  llie  other  Cyperacwe  examined  Var^x  culpina  and 
Cyjftrus  hadim  are,  perhaps,  less  stihcd  for  examination 
tbaii  Heleocharis.  I  rnii,  however,  state  with  certahitv  thut 
in  nil  the  (Ici'plopmeiit  in  precisely  <>im)1ftr. 

I  have  inteiiliDnally  fully  di&cussci]  the  stages  of  derelop- 
ment  in  the  MniiorotyledDns.  These  ean  gencrnlly  he  more 
clearly  teen  iti  tliem  than  in  the  l>icotyledons,  in  which  (he 
richer  contents  of  the  cells  and  thc>  small  sixe  of  the  nnclei 
nuke  the  exannnatioii  more  <1i(H(MiU.  ButtiileH,  the  Dicoty- 
ledons  show  nothing  extraordinary;  nothing  uhich  Joes  not 
also  occur  iu  the  Monocotyledons.  I  can,  therefore,  record 
my  observations  of  ihem  in  a  small  space. 

In  the  Pollen  •bodies  of  the  Dicotyledons  we  know  that  in 
general  many  orifices  in  the  extinc  arc  formed.  This,  to- 
gether with  the  more  or  less  spherical  shape  of  the  Pollen- 
hodies,  mukes  it  impossible  to  indicate  the  place  where  the 
regelative  cell  is  formed  n^ith  the  exactness  that  one  could 
do  in  the  Monocotyledons.  In  the  ellipsoid  Fotlcn-hodies  of 
the  Papilionaccae  and  Umbellifcro;,  where  the  orifices  for  the 
tube  are  formed  in  an  equatorial  circle,  the  regetative  cell 
Dccupies  a  polar  position.  Even  in  the  case  of  other  Dico* 
tj'tedons  the  position  of  the  vegetative  cell  was  never  ob- 
MTved  just  under  the  extine  oritices.  Nevertheless,  it  seems 
to  be  the  large  cell  that  grows  out  to  form  the  tube. 

The  Tegetative  cell  is  separated  by  a  more  or  less  convex 
partition  wall  of  cortical  pJRsni  from  the  largo  cell.  Its 
nucleus  mid  nucleolus  are  always  smaller  than  the  same 
parts  in  the  large  cell. 

The  vegetative  cell  soon  scparntes  from  the  intiiie  and 
appears  as  a  Hplicrical  formation  free  in  the  I'oUen-body. 

As  in  many  Mnnorotylcduns,  it  divibion  of  the  vegetative 
nucleus  can  still  tiike  plncc ;  so  that  three  nuclei  are  pre- 

P»ent  in  tlie  ripe  Pollen-body.  This  occurs  in  Sambttcu* 
Tacemotu$,  Fedia  comucopitB^  Dahlia  Merckii,  Nymphaeu 
alba,  Biscute/ia  en'fferifoUa,  Geranium  Hookeriatium,  Artn- 
aria  laricifaUaj  Fovniculum  opicinale. 

■  llie  two  vegetative  cells  leaemble  one  another,  and  after 
H  a  lime  have  no  nucleoli. 

In  Nymphaea  all/a  the  nucleus  of  the  large  cell  gene- 
H  rally  preserves  its  nucleolus  in  the  ripe  Pollen-body,  ofteti 

■  even  in  the  tubes  (1 — 5  per  cent.,  twenty  hours).      I  can 
^  certify  that  this  nucleus  goes  into  the  tuW  earlier  than  the 

two  other  vegetative  oni^?  which  lie  beside  one  iiiunhcr.     It 
was  only  on   very  rare  occasions  that  the  opposite  order 
oblained. 
^h     In  the  other  plants  mentioned  above,  the  three  nuclei  cnn- 
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not  be  (list ill guUheil  with  certaiaty  during  the  process  of 
tube  formation. 

In  most  DicotyleOoDi  no  further  divisions  take  place  in 
the  Follen-body.  In  the  follon-ing  only  twu  nuclei  are 
found  in  the  ripe  Pollen-boily,  namely,  Oilta  tricohr, 
Nicoliana  tabacum,  Salcia  verlicillata ,  Di^itali*  lanata, 
Gloxinia  hyhrida,  Torenia  asiatica,  Plantago  mnlia,  Campa- 
nula rapuneuloides,  Bryonia  alha,  Lijsimachia  punctata^ 
£nca  Mralix,  Monotropa  fiypopityt,  Peperomia  clttyto»toide9, 
Cannahia  aatita,  Rhu»  glabra,  Rata  anyuatifolia,  Hicinus 
eommuttit,  Hippuria  nilffan's,  Ilamtnculus  muricatua,  Del- 
phinium  decorum,  Chmutis  tiiicdUt,  Pajtmer  dubinm,  Viola 
tricolor,  IleliatUhemum  poUfolium,  Ampehpsis  hederacea, 
Oxalis  lastjnndray  Maha  caroliniann,  Polygonum  rubrtim^ 
Begoniae  8p.,  Sedum  hybridum,  Ciarkia  pulchella,  Spxrea 
villosa,  Mimosa  brachybotrya,  LatAyrua  aUceairis. 

The  development  of  all  of  these  citn  be  described  in  a  very 
few  words.  The  vegetative  cell,  which  has  become  fifee,  either 
reniHins  ephericalor  becomes^as  tsmore  usunliBiiiiidle shaped. 
The  piirictal  layer  of  cortical  plasm  sooner  or  later  vanishes, 
M\^  thy  two  nuclei  become  mutually  freed.  These  nuclei  ire^ 
in  their  younger  coudiiioiis^  very  easily  distinguished.  The 
nucleolus  of  that  nucleus,  which  originates  from  the  large 
cell,  remains  much  longer  than  the  vegetative  one.  This 
disringiiinhiiig  *i;*ii  vanishes,  however;  and  in,  or  even  earlier 
than,  the  tube-forroation  period,  by  successive  metamorphoses 
buth  ill  form  and  size,  the  two  nuclei  become  so  like,  that  it 
is  impossible  to  distinguish  them.  Only  in  Cannahia  satita 
is  the  nucleolus  of  the  nucleus  of  the  large  cell  preserved 
in  the  lubes  (10  per  cent.,  twelve  hours).  In  this  case  some- 
times one,  sometimes  another  nucleus  goes  in  front.  In 
Monotropa  the  two  nuclei  preserve  their  nucleoli  wry  long 
(5 — 80  per  cent.,  twenty  hours).  An  absolute  distinction 
between  lliem  was  nevertheless  impossible. 

Almost  all  possible  differences  occur  in  respect  to  the  form 
of  the  nuclei,  from  the  round  one  of  Uhus  to  the  greatly 
elongated,  almost  thread-shaped  nucleus  of  Sedum.  Gene- 
rally they  arc  almost  elliptic  in  shape. 

Futiing  together  ihc  chief  results  of  my  examinations  it 
would  appear  that  in  a  particular  stag^  of  development  before 
fertilization  the  Pollen-body  of  the  Angiosperms  is  divided 
into  two  celU — a  larger  and  a  smaller,  the  "vegetative" 
one — which  latter,  by  fiiriher  divisions,  can  form  a  Iwo-  to 
three-cc-Ued  ti^^uu  (tballus). 

This  vegetative  cell,  or  these  vegetative  colls  arc  separated 


as  a  group  from  the  larger  cell  only  by  a  trail  of  cortical 
plajm.  In  some  isolateil  cases  this  may  become  a  resisting 
(celluloM  ?}  membrane. 

The  Pollcn-tube  is  formed  from  the  large  cell.  It  may 
happen  that  the  vegetative  cell  or  cells  have  nothing  to  do 
with  this  occuneDce,  so  that  the  nucleus  and  contents  of  the 
targe  cell  aloue  immigrate  into  the  tuhL'.  The  separating  wall 
is  generally,  howeTt;r,  absorbed.  It  may  vauiah  altageth(>r 
after  the  division ;  in  most  caies  it  however  remains  for  a 
certaia  lime;  the  ^vhole  vegetative  cell  or  celli  loosc-ii  them- 
»elvea  from  the  inner  wall  of  the  Pollen-body,  and  are  ihon 
surrounded  by  the  large  cell,  which  appears  strangely 
spindle-  or  half-moon  shaped.  The  vegetative  cell  may 
remain  in  this  state  a  longer  or  shorter  time^  or  its  nu- 
cleus may  divide,  and  thus  free-swimming  vegetative  cells 
be  formed.  In  either  case  the  wall  of  plasm  is  finally 
diasolved ;  this  may  take  place  either  in  ilie  Pollen-budy  or 
after  the  vegetative  cell  has  gone  into  the  tulw.  A  divi*iion 
of  the  naked  vegetative  nucleus  may  take  phtce  after  the 
disappenrance  of  the  wall,  and  this  may  also  occur  either 
to  the  Pollen-body  itself  or  in  the  tube. 

The  nuclei  have  often  strange  forms.  I  have  noticed  no 
division  of  the  Duclei  of  the  large  cell,  except  in  the 
CypernccBc. 

A  particular  order  is  nut  generally  kept  in  the  niigratiou 
into  the  tube.  Tlie  nuclei  are  dissolved EOoncr  or  later;  but 
in  any  case  before  fertilisation  takes  place.  The  large  cell 
of  the  Pollen- body  and  its  nucleus  appear  to  he  of  more  im- 
portance for  fertilisation  than  the  vegetative  one.  I  arrive 
at  this  conchision  from  the  following  fact)«,  viz.  that  it  is 
the  large  cell  which  grows  into  n  Pollen-tube  ;  from  the 
circomstaiicc  that  iu  some  cases  the  nucleus  of  the  large  cell 
alitaya  goes  in  front,  while  I  never  saw  the  opposite  case  as 
m  coDKtant  characteristic ;  that  in  those  plants  where  this  is 
not  the  case,  the  nucleus  of  the  large  cell  still  goes  oftcucr 
in  front  than  the  other;  finally,  that  in  some  instances  the 
vegetative  cell  remains  in  its  original  position  without 
cDteriag  the  tube  at  all. 
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On  the  DirvBLorMKNT  of  the  Concbptacle  in  the  Fucack^. 
Bj  F.  O.  BowBB,  li.rV.,  Trinity  College,  Cambridge. 
With  PInle  V. 

The  first  careful  noliw  of  the  conceplacU  which  I  hare 
met  wiih  is  that  in  the  '  I'hjcologia  Uenerali»'  of  Kiiuing 
(1843). 

He  describe*  (p.  98)  it  as  a  roofed-in  »oru»  (einges- 
tulpter  sorus) ;  while  the  tissue  irhicU  lin««  the  cavity  it,  be 
aayt«,  nothing  else  than  n  slightly  modified  couUnuation  of 
the  limiting  tissue^  (cortical  iichicht). 

SpL-aking  (ji.  9Ji)  of  tlie  "  Faserariibchen  "  (a  word  which 
has  as  yet  noEn;;ligh  equivalent),  be  says  they  seem  to  stand 
in  a  certain  relation  to  the  conceptacle  (niilloiifnicht), 
although  they  are  found  on  auch  of  the  brown  seaweeds 
as  hare  no  concnptacles  (cf.  Aiaria  esculenta), 

Agarclh  ('Species  et  ordint-s  Algarum,*  1848,  vol.  i, 
p.  101)  suggests  that  the  **  Fasergrubchen "  may  be  the 
equivalent  of  the  conceptacica  (scaphidia)  in  the  fertile  part 
of  the  plant. 

Sachs  ('Lelirbuch,*  1874,  p.  283)  remarks  that  the  layer 
of  cells  lining  the  cavity  is  a  continuation  of  the  outer  Htnit- 
ing  layer  of  the  Thnllus. 

The  first  attempt  at  an  accurate  description  of  the  de- 
velopment of  the  "  Fasergriibchen  "  or  conceptacle  was  made 
by  Ucinke  (' Kot.  Zeit./  1S75;  and  '  Nachriclitcn  der  K. 
Ccs.  d.  Wiss.  zu  Gbttin^en,*  1875,  p.  280).  His  results 
were  republished  in  Fnngsheim's  '  Jahrbuch/  x,  1876, 
p.  317. 

Si>eaking  of  jFV«i«  veticulojtug,  he  says  (p.  337)  that  the 
"  Fasergtiibcheu,"  which  lie  seems  lu  take  as  the  type  of 
these  slmcturcBj  ori^iiatca,  as  seen  from  above,  by  a  sepa. 
rating  of  four  or  five  neighbouring  cells  of  the  limiting  tissue 
from  ont!  (mother.  He  compares  this  process  with  the  forma- 
tion of  the  resin  pfl8fagc3  in  the  Conifenc.  The  "  intercel- 
lular space"  thns  formed  is  filled  with  mucilage.  Longitu- 
dinal Sections  showed  him  that  not  only  cells  of  the  limiting 
tisGuCj  but  also  cells  of  the  siibadjacent  cortical  tissue,  separate 

'  Hoslafiiiski  ('Boilri*;:c  lur  Keriiilrii»jt  ilcr  Tniijjc.'  MeU  i,  1876,  p.  fi) 
lias  BlrDiid,v  objectuJ  lo  tLc  use  of  llm  term  '■  cpiiJfrniii,"  in  the  cose  of 
Fucua,  ou  tlic  ground  of  tlie  yutermont  Injrtr  of  cells  beicir  capable  of  oon- 
atent  taiii>taliiiT  diviiion.  He  uses  llir  term  "aufi»eTiriii(JOi"  whicli  I  pro. 
pCMe  to  riMiiJci  loosely  l>y  tlii?  tferm  "limitiDg  tissue."  leacrriog  the  tenn 
"  cortical  liaanc,"  for  liis  "  innrnrinde." 
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lioio  one  aiiollier.  An  "  intcTcclIular  canal"  is  L}ius  formed, 
Eireichiiig  through  llie  timiting  ti^auc  into  tlie  cortical  tissue. 
Re  further  tells  how  the  caTity  thus  formed  becomes  flask 
shaped,  and  the  cells  which  line  it  put  out  papillte,  which 
fiiTlher  develop  into  hairs.  He  assigns  to  the  conreptacle 
k  similar  hisior)%  and  hence  concludes  that  it  U  "  homolo- 
gous" with  ihe  "  Faaergriibcheii."  Though  he  records 
ohservaiions  on  a  consiilcrahlc  range  of  allied  plants,  ho  finds 
no  uoieworthy  deviation  from  the  type  of  Fucu»  tescieuloaut. 
Ht  gives  tio  figures  illustrating  th««e  observations. 

Luerssen  ('  llandhuch  der  Sjst.  lloi.,'  1879,  Bd.  i,  p.  105) 
gtTM  a  different  history.  }Ie  says  small  spots  of  the  surface 
of  the  llialliis  arc  so  overgrown  by  the  surrounding  tissuo 
that  only  a  narrow  opening  remains. 

Thuret  does  not  mention  the  suhject  of  development  of  the 
couceptacle  in  any  of  his  publications  to  tvhich  I  hare  li:id 
access. 

Preliminary  Remarh*. 

Many  of  my  preparations  of  Fucua  serratas  vrere  made 
from  materials  collected  iu  August,  1878 ;  tlicse  were  treated, 
Mrhtle  frcshj  with  a  dilute  solution  of  chromic  acid  in  water, 
and  afterwards  ]ireeerved  in  alcohol.  The  results  obtained 
from  these  materials  have  been  verified  in  other  specimens, 
collected  in  August,  1879.  These  were  preserved  in  a  satu- 
rated solution  of  common  salt,  and  then  hardened  in  alcohol. 
The  latter  method  of  preparation  has  been  used  for  all  the 
othtr  plants  of  the  group  with  wliich  1  have  worked.  The 
sectioue  were  in  all  cases  mounted  in  glycerine  and  acetic 
Hcid. 

The  youngest  stages  of  development  of  the  conceptaclc  are 
lislnrally  to  be  found  cloAe  to  the  apex  of  the  branch,  and 
only  on  those  braiiclieb  which  still  ri^taiii  iin  active  apical 
growth.  Such  brttnches  tnny  be  recognised  by  their  possesd* 
iug  a  well-marked  depression  at  the  apex. 

^garding  the  sexual  concoptacle  as  the  type  of  such 
siruettires,  I  have  studied  the  development  of  it  first,  and 
then  compared  with  it  the  development  of  the  '*  Faser- 
grvibchen,"  which  I  regard  as  an  iucotnpleie  sexual 
conreptacle. 

In  describing  the  planes  of  section  relative  to  the  thalhis, 
I  n»e  the  terms  *'  vertical  longitudinal  section  "  and  "  trans- 
verse section"  in  the  same  sense  as  Kostafinski  ('Bcitragc 
I.  Kennt.  d.  Tange.,*  Heft,  i,  1876,  p.  17),  the  fonner  being 
a  longitudinal  section  in  a  plane  perpendicular  to  the 
flaitctieti  sidcfi  of  the  ihallus:  the  latter  cutting  the  organic 
axis  ut  right  angles. 
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Fums  tcrraiui. 

I  chose  F.  serratut  as  the  sjiecie*  best  fitted  for  foUonin^i 
the  stages  or  deTclopment  of  the  coiu-cptaclc  for  these  rea*oaf.f 
(1)  The  fertile  branches  (lUtithen  of  Iteiiikc)  arc  \e*»  nnXiea 
than  in  other  speciea,  anil  it  is  therefore  easier  to  obtain 
sections  through  the  apex;  while  the  tissues  are  more  com- 
pact. (2)  The  hairs,  which  in  later  stages  fill  the  cavity 
of  the  conceptacle,  are  uot  developed  so  early  here  as  in 
other  species.  (3)  F.  $errattu  presents  conceptacles  of  all 
ages  ill  the  month  of  Atigust,,  ai  which  time  only  I  have  had 
the  opportunity  of  making  collections. 

The  first  traces  of  the  conceptacle  are  be»t  observed  in 
vertical  longitudinal  sections. 

In  the  fertile  branches  of  F.  serralus  I  have  noticed  no 
deviation  from  the  (drm  of  the  apical  cells,  and  the  succession 
of  their  segments,  described  by  Rostafinski  (loc.  cit.)  for  the 
sterile  branches  of  F.  ve^riculasttii.  The  division  of  the  lateral 
segments  cut  off  from  the  apical  cells  aUo  appears  to  follow 
the  type  of  his  fig.  14,  each  segment  dividing  first  by  a  wall 
parallel  to  its  free  surface  ("  Basalnand  ") ;  the  outer  of  the 
two  cells  thus  formed  again  dindes  in  two  planes  at  right 
angles  to  one  atmther  and  to  the  "  Basalwand."  Fonr  cells 
are  thus  formed,  each  of  which  may  again  divide  according 
to  the  same  law  as  the  original  segment ;  this  is  the  constant 
law  of  division  of  the  cells  of  the  normal  limiting  tissue  of 
the  younger  branchca,  be  they  sterile  or  fertile  (cf.  fig.  1, 
groups  marked  /). 

It  is,  however,  in  a  modification  of  this  succession  of 
divisions  that  the  first  traces  of  the  conceptacle  make  their 
appearance.  Just  as  noticed  by  Rostafiueky  (loc.  cit.,  p,  9) 
for  older  branches,  the  dinsion  of  the  outer  cell  by  vertical 
walls  into  four  ceases  in  ccrtaiu  cases.  The  division  by 
walls  parallel  to  the  suvface  (Uaealwande) , however, continues. 
A  linear  series  of  cells  is  thus  formed  which  may  be  traced 
some  distance  into  the  tissues,  but  which  is  terminated  by  a 
single  cell  only  (fig.  1).  Later,  the  activity  of  division  in 
the  horizonlal  direction  also  ceases,  and  as  the  terminal  cell 
of  the  series  does  not  increase  in  size,  the  result  is  that  it  is 
surpassed  by  the  (issues  surrounding  it. 

The  termnial  coll  of  this  series  we  may  call  the  "  initial  "' 
cell  of  the  conceptacle^  the  cell  immediately  beneath  it  may 
be  termed  the  "  baeal  '*  cell. 

As  liie  cells  which  abut  laterally  on  the  initial  cell  relnin 

'  Tbereb;  ooiiTc;iiiff  no  fuiuilioiiiil  coDUOotion  witli  an  itpicti  otli 
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the  usuhI  Inw  of  (liTiaion,  the  mult  U  that  it  is  bounded 
laterally  (as  in  fig.  1)  not  only  by  cells  of  the  limitiu|^  lie&ue 
(aussenrinde),  but  partly  also  by  cells  of  the  subjacent  cortical 
ijfsne  (innenrinde). 

Up  to  the  stage  represented  in  fig.  1  no  important  change 
is  to  be  oboerved  in  the  initial  cell.  It  contains  a  nucleus 
and  plentiful  protoplncm,  and  its  walls  are  normal. 
There  may,  faowcvvr>  be  noticed  at  the  upex  the  beginning 
of  a  separation  of  its  cclUivall  from  those  of  ihc  celli;  nround 
it.  In  the  latter  the  only  modification  of  the  usual  divisions 
is  ao  inclination  of  the  vertical  waits  towards  thu  initial 
cell. 

ConceptaclcB  of  this  stage  of  development  arc  to  be  found 
on  the  inner  »ide  of  the  lips  bordering  the  terminal  cavity  of 
the  fertile  branch. 

Fig.  2  represents  part  of  a  vertical  longitudinal  section 
passing  through  a  slightly  older  conceptacle.  Here  the 
initial  cell  has  lugt  its  inteniiil  tension.  The  cell-walls  hare 
collapsed,  while  the  substance  of  the  cell-walls  themselves 
has  been  converted  into  the  swollen  mass  which  fills  the 
cavity  thus  formed.  This  mass  is  continuous  with  the  layer 
which  rovers  the  surface  of  the  thaltus ;  it  already  shows 
signs  of  the  change  which  it  uudergot;s  Inter. 

The  upper  part  of  the  initial  cell  has  shrivelled,  and 
appears  to  have  no  cell  contents ;  the  lower  part,  which 
adjoins  the  basal  cell,  still  contains^  a  small  quantity  of 
vacuolated  protoplasm.  The  basal  cell  ha&  nieanwliile 
increased  in  size,  but  has  not  yet  divided.  If  figs.  1  and  H 
are  compared,  it  will  not  be  difficult  to  assign  their  origin  to 
the  cells  which  border  on  the  cavity  in  fig.  ^.'  It  will  be 
seen  that,  as  Ueinke  rightly  observed  (loc.  cii.,  p.  337],  they 
ate  of  different  origiu- 

As  foreshadowed  in  fig.  1,  the  cell-walls  of  the  limiting 
tissue  are  strongly  inclined  in  fig.  2  towards  the  centre  of 
the  conceptacle.  The  group  marked  /being  most  so.  it  is 
between  the  group  I  and  the  group  c  that  the  boundary  of 
origin  of  the  tissues  lies,  the  group  /  being  derived  from 
the  Umiling  tissue,  the  group  c  by  the  division  of  a  cell 
of  the  cotucftl  tissue.  Those  cells,  then,  which  border  the 
lower  part  of  the  cavity  of  the  conceptacle  (including  the 
basal  cell)  are  derived  from  the  cortical  tissue  ;  those  which 
line  the  upper  part  from  the  limiting  tissue. 

A  surface>view  of  a  conceptacle,  intermediate  in  develop- 

'  1  do  not  meau  lo  imply  by  such  a  conipaiisoD  tlial  tlie  orJer  of  lUc  cell 
djiiBioiiB  IS  couBta.^L  A  lucre  glsncc  at  the  flgurea  will  be  sufficient  to 
predufle  sack  an  idea. 
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ment  between  those  of  figs.  1  ami  2,  U  Te|>rt>«eiitrtl  iii  fig. 
Among  the  uoruial  cells  of  tlie  limitio)^  tUsue,  which  appei 
thin  walled  and  full  of  granular  |irotot>Usm,ODc  U  seen  wilL 
contracted   cooteots  and   iwollen   ceil-Mrall.      This   is    the 
initial  cell. 

The  further  development  of  the  conceptaclc  aa  ahon-D  by 
secliou  i»  lUftTkeU  by  coiitintied  shriiikiui;  of  the  iiutial  cell, 
and  n  ^adual  decomposition  uf  the  swollen  substance  which 
fills  the  cavity.  This  is  accompanied  by  divisions  iu  tho 
basal  and  surrouiuling  celU.  In  tig.  4  it  will  be  noticed 
that  the  basal  cell  has  divided  in  a  plnne  parallel  to  the 
axis  of  the  conceptucle.  !n  the  swolloii  mass  which  filU  the 
cavity  may  be  recognised  irregular  pfttttifs  where  the  sub- 
Stance  has  undergone  iilteratiou,  accompanied  by  change  in 
optical  properties.  This  is  still  more  evident  in  fig.  5,  which 
ifi  part  of  a  transverse  section  of  the  thatlus. 

Here  the  change  of  the  substance  filling  the  cjirity  hi 
advanced  so  far  that  the  uiinllered  portion  immediately 
surrounding  the  remnants  of  the  initial  cell  forms  a 
central  column  of  irregular  outline.  This  stretches  from 
the  basal  cell  to  the  neck  of  the  conceptaclc,  and  is  con- 
nected with  the  walls  of  the  conceptaclc  by  thin  strings 
which,  like  itself,  have  remained  as  yet  unchanged.^ 

>  We  must  dmw  A  distiDCtioa  between  theaetvo  stulFs:— a,  tbat  wbjcli 
fctms  tlic  crntrkl  column  and  lbs  layer  which  overlies  the  whak  svrtKt  of 
the  nbivt;  and  l>,  ttist  which  u  foniicd  at  6nt  in  irregular  patobe*.  bnc 
wtitch  Hiiiiil*  tills  the  greater  part  of  ibc  mvity  of  the  mncestMie.  Tli« 
riiiction^  wliich  are  tlncribni  Inter,  brin^  to  Ughl  m  third  boay  (c),  which 
conatitutci  the  outcrmnat  layers  covering  i  at  the  esletior  of  tbe  thallus 
(cf.  reaction  0).  Xlic  following  obserralioiu  will  serve  to  point  out  Ibrir 
cliartrtcri sties ; 

1.  Tbe  tub»taace  a  has  dlfFDrent  optical  properties  from  i,  so  that  they 
ara  easily  dialingiLiihed  uuder  the  microscope ;  a  usually  baa  a  yellowish 
appearance. 

S.  Tho  substance  a  docs  not  chanj^  volume  lo  anymatLEd  extent  on 
dehydration  i  £,  when  dcliydratod,  rontmota  stronj^lj,  so  Uint  Ihc  coiiMp* 
tacke,  whcu  mounted  in  alcohol,  uupcara  only  partially  filled.  When  water 
is  added  the  contracted  mass  swells. 

3.  Solution  of  iodiue  does  not  colour  a,  h,  or  e. 

4.  When  treated  with  a  solution  of  chromic  acid  in  water,  the  suhstanoe 
b  becomes  more  traniparent,  and  swells  strongly,  a  is  only  *li|^tly  swollen ; 
and  Bincc  itn  >ippe.ira»cc  is  not  muoh  altered,  ii  becomes  more  prominent, 
owing  to  the  chnD[*c  in  b. 

5.  Witb8cl)ulU'.>i  Anlution  nctthoTA,  &,  norc  give  a  blue  calonr.  £  swells 
■tronf;lj;  a  is  more  rcsistsuC.  [N.B.  With  tins  reagent  (he  contents  of 
the  initial  cell  kouwtimcs  ffire  tbe  brown  reaction  of  prptuplum ;  but  this 
colouration  is  not  constant,  nad  probably  depends  upon  tlin  state  of  dcooui- 
position  of  the  cootents-j 

6.  Trehted  with  oonocntnLted  sutpliuric  add,  b  is  immediately  dissolved ; 
a  resists  for  a  time,  and  is  later  diu<dved ;  hut  a  central  portion  remains 
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Besides  the  ilivision  shown  in  fig.  4,  the  basal  cpII  nt  thif 
lime  dirides  also  in  two  planes  nt  right  angles  to  this  and  to 
one  another,  giving  rine  to  a  group  of  eiglit  cells,  four  of 
which  onlv  can  be  seen  at  ooce  in  a.  reciiun  (fig.  5).  Th(?se 
c#ll9,  during  the  further  development  of  the  conceptacle, 
appear  to  difter  fuuctionuU}'  in  uu  resi^cct  from  the  other 
lissueA  bordering  on  the  cavity.  These  tissues,  having 
increased  principally  by  divisions  at  right  angles  to  the 
inner  surface  of  the  conceptacle>  form  a  layer  of  thin  walled, 
rlosrly  compreseed,  protoplasmic  cells,  vrhich  coinploiely  line 
iho  cavity ;  by  these  peculiarities  this  tissue  is  pretty  fiharply 
matkcd  yfffroiu  the  adjacent  conical  tissue. 

Coincident  with  this  increase  in  Dumb<>r  of  the  constituents 
of  the  lining  tissue  is  a  change  in  form  of  the  whole  con- 
c«ptacle.  The  lower  part  of  the  cavity  becomes  widor,  so 
that  the  whole  conceptacle  assumes  a  flask  form,  which  may 
be  recognised  in  fig.  5,  hut  becomes  more  pronounced  at  the 
stage  represented  in  fig.  6.' 

lu  the  stage  represented  in  fig.  Ct  the  central  column  may 
often  be  found,  still  continuous,  from  the  point,  where  the 
initial  cell  is  fixed,  to  the  neck  of  the  conceptacle,  which  is, 
however,  still  closed.  The  column  ehows  a  jagged  irregular 
outline,  owing  to  the  rupture  of  the  striugd  which  originally 
cQDnected  it  (as  in  fig,  5)  with  the  walls  of  the  conceptacle. 
It  may  he  noticed  that  the  margin  of  the  cavity  is  still 
unbroken  by  any  outgrowth  of  hairs. 

vbicb  is  thea  teen  to  be  conttauous  villi  the  outer  portioa  of  tlic  Ihiekened 
corcriBg  of  the  limiting  tissui-,  ihii  wc  iiave  Elc»i^ii;iLcd  e. 

Tbc  conelcisiout  to  he  tlrawu  from  tbese  observuijona  are,  that  d  it  h 
*iTolleD  form  of  oell-woll,  which  i*  cot  true  cellulose,  but  i»  similar  to  lbs 
Hntial  pntioa  of  older  cell-wail*  of  the  tissue  of  the  larjirfr  tangles 
("looenlwnelle,"  LacfBson,  p.  lUI  ;  "Qelin"  (?),  Kiitiioft,  'I'bTC.  Gou.,' 
a.  &4).  That  i  u  n  SQbituice  coiiicidcnC  viib  niuciIiLt;e  ("  Sclilcini,'* 
Jkotxin^,  '  Pbjc.  Gen,,'  p.  30 1 ;  tbat  f  is  a  tubitance  akin  to  cuLtcle. 

*  IlMen»  tomcprobshlcthatthc  [voirerof  swellitiK  witb  iratcr  poBBesaed 
I7  the  macilBgitious  contenls  of  liie  conoeptiicic,  and  tliooouequent  internal 
prcMore  exereiud  011  tiic  intirmal  aurface  of  the  conceptade,  fiu  some  con- 
DMtioa  with  tiiis  form.  Supputc  sucb  aa  iuterual  pressure.  Tbc  coacep* 
tade  it  complete);  dosed,  ira  jicidinj;  occur*  it  will  iiatuniilr  bo  at  tue 
poiat  wbere  tUc  rcitsttnce  11  least,  aud  that  wiU  be  n-licre  tlie  tiuues  are 
Imt  erowdwl.  This  b,  howcrcr,  the  case  in,  the  interior  of  the  thallm. 
Tbc  nvity  will  then  entarcc  most  at  its  base.    Ucnce  the  flask  shape. 

This  expUnalioD  I*  fiirlJicr  snpncirleil  by  llie  frict  that  where  tbe  ourra- 
tare  is  eroatest  (and  the  form  of  tue  conccptAcIc  la  usually  Ibsb  re^lar  than 
ID  oar  fig.  6)  then  Uie  cells  of  tlie  lining  tiMiic  are  Inrgest.  Ufdco  it  may 
be  ooBclnded,  other  things  bein^  ctiual,  tli&L  ihere  the  Rittemnl  reaiitaoce 
va*  least.  This  sapports  our  view,  Aijniii,  it  is  universally  the  case  that 
uduimI  the  mouth  o(  a  eoneeptscle  tUe  surfaoe  of  the  thallus  i>  raised  ao 
w  lo  form  a  sli{;bl  hilloclc  (cf.  figs.  0,  7).  This  would  laaturally  be  tlie 
jcsolt  if  aa  iotemal  teiiiioo  existed. 
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Not  having  the  opportuaitT  to  make  prcpAratioiiH  from 
fr^sh  materialsj  I  was  forceil,  in  veri^'ing  ihete  results, 
obtained  with  cbromic  avid  materials,  to  use  spccimeos  pre- 
served in  SAturaird  Boluiioii  of  common  ealt,  and  afterwards 
hardened  in  alcohol.  Sections  from  thete,  mounted  in 
glycerine  and  acetic  acid,  gave  the  eame  results  iu  all  impor- 
tant points ;  the  diatinction  between  the  central  column 
and  the  mucilaginous  mass  surrounding  it  being  as  dinlinct 
as  in  the  cbromic  acid  materials.  AVhen  first  mounted, 
however,  in  glycerine,  the  mucilage  was  marked  by  a  very 
definite  and  beautiful  system  of  striaiion  and  stratification  j 
this  wax  more  striking  towards  the  periphery  of  the  ma»tt, 
towards  the  centre  the  marking  gradually  lost  its  regularity. 
After  the  sections  had  Iain  in  glycerine  for  a  short  time  the 
apjicarancc  faded  and  disappeared,  probably  owing  to  a 
gradual  swelling. 

Tlie  direction  of  the  systems  is  represented  in  fig.  7.  In 
this  tigure  it  will  be  noticed  that  the  outline  of  the  cavity  is 
irregular.  This  is  due  to  the  outgrowth  of  tumps  of  tissue, 
which,  especially  in  male  coccepiacles,  precede  the  formation 
of  hairs. 

Here  we  come  upon  the  first  evidence  of  a  sexual  difference. 
The  conceptacles  have  thus  far,  in  the  diOMious  plant, 
offered  no  variety  in  development  according  as  they  are  male 
or  female;  but  in  the  development  and  character  of  the 
hairs  there  is  an  appreciable  difference.  If  the  conceptacle 
be  male  the  formation  of  hairs  is  preceded,  as  in  fig.  7.  by 
the  oulgrowih  of  irregular  masses  of  tissue.  The  surface 
cells  of  these  grow  out  into  papillBc,  which  divide  and  form 
hairs,  these  hairs  branch  according  to  a  moiiopudial  racemose 
system ;  owing  to  their  mode  of  origin  thcEC  primary  hairs 
are  usually  associated  in  bunches. 

If  the  conceptacle  be  female  the  hairs  arise  more  uniformly 
OTcr  the  inner  surface  of  the  conceptacle,  and  are,  as  a  rule, 
not  branched.  It  is  only  after  these  hairs  have  begun  to  be 
formed  that  the  initial  cell  and  central  column  are  thrown 
off.  Up  to  this  stage  it  may,  in  thick  sections,  be  almost 
always  recognised.  Though  the  central  column  is  detached, 
Ftill  the  conceptacle  remains  closed  at  tho  neck  for  some 
time  longer. 

The  antherida  are  not  formed  on  the  end  of  the  upper 
branches  of  the  primary  hairs  ;  the  lower  lateral  branches  of 
them  are,  however,  at  an  early  stage  terminated  by  antheri- 
dial  celW.  Antheridia  are  formed  uho  oil  the  apex  of  ftmall 
hairs  developed  for  that  special  purpose  by  the  outgrowth  of 
cells  of  the  tissue  lining  the  cavity,  and  these  show,  in  its 
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lintplest  farrn,  ilie  mode  of  branching  which  accompanies 
tht  formation  of  antberidia  (fig.  8,  i,  ii,  iii). 

A  single  cell  grows  out  to  form  a  papilla.  This  divides 
(8,  i)  by  a  traiitvcr&e  wall.  An  apical  anlbcridial  cell  is 
thus  formed,  which  is  supported  by  a  single  pedicel  coll. 
The  Utter  may  now  continue  growth  and  put  out  a  lateral 
papilla  (8,  ii),  \shicfa  is  functioually  equivalent  to  the 
original  papilla, 

III  fii».  8,  iii,  a  lepresentk  a  system  of  anth«ridial  branching 
of  &  higher  order,  a  i  iit  an  authifridiuin  from  which  the 
antherozoids  have  already  escaped,  the  primary  axis  was 
then  p — <i  1.  a  H  is  an  antheridium  which  was  formed  on 
the  apex  of  a  Lateral  oulgrowth  below  a  i.  a  m  is  the  lateral 
papilla  which  precedes  the  formation  of  a  third  aulhcridtum. 
rhu  whole  system  is  tlien>  in  this  case,  a  sympodial  system,  of 
the  type  represented  by  Sache  in  his  'Lehrbucfa,'  1874, 
fig.  136,  D  (cf.  8,  iii,  a).  U  is  only  rarely  that  the  branch- 
ing t«  as  simple  as  in  the  cases  rcpre^nted,  since  it  is 
often  not  confined  to  one  plane,  and  the  authertdia  are 
usually  more  crowded  together  (compare  Thuret's  figures, 
especially  in  his  *  Etudes  I'hycologiqucs,'  plates  xv,  6  ;  xxii, 
8 — 10,  xsiv,  6).  Often  the  system  approaches  irregularly 
the  type  figured  by  Snchs  (loc.  cit.,  hg.  c),  but,  however 
irregular,  the  ftntlieridial  branching  se«ms  always  to  be 
fvmpodial. 

'  On  the  mode  of  formation  of  the  oc^onia  I  have  no  remarks 
to  offer. 

The  difference  between  the  "  Fasergrilbchen  "  and  the  true 
conceptaclo  is  clearly  nmrkcd  in  the  mature  state  both  by 
tho  form  and  the  contents.  But  as  wc  pass  back  to  the 
earlier  stages  of  development  the  distinction  becomes  less  and 
less,  till  when  we  reach  the  condition  in  which  the  formation 
of  hairs  has  bejjun  in  neither  of  thein,  it  is  impossible  to  say 
definitely,  from  mere  inspection  of  the  structure,  whether 
the  carilies  will  produce  sexual  organs  or  only  hairs. 

Still,  if  we  take  young  plants  and  study  the  development 
of  the  cavities  formed  al  their  apex  we  may,  with  the  greatest 
probability  possible  in  such  a  case,  regard  such  cavities  m 
early  stages  of  the  "  Fasergrubchen." 

This  I  havedoiie,audfouud  their  development  todifferinno 
point  of  importance  from  that  of  the  sexual  conceptacle.  The 
initial  and  basal  cells  are  present  ;  the  form  of  the  cavity  is 
the  same.  The  central  column  appears  just  as  in  the  sexual 
eoDceptaclc. 

The  haiis  themselves  are  multicellular  but  unbranched. 
The  neck  is  usually  wider  than  iu  the  sexual  conceptacle. 
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It  does  not  open  tilt  (he  n|)ice»  of  the  hiiirs  reach  the  swuHta 
mass,  which  closes  it  ami  push  their  way  through  it.  The 
mass  itself  has  bt'cu  previously  underling  a  proceM  of 
(lisorganisntioi)  and  snelling  simitar  tu  that  which  takes 
place  at  an  earlier  iieriod  around  the  central  column. 

Seeing  then  thai,  i,  in  their  development  these  two  structures 
arc  eo  similar ;  ii,  that  "  Fast-rgruhchcn "  do  not  occur 
among  the  sexual  conceptacles  on  n  fertile  branch,  i.  e.  the 
"  metaniorphosia  "  is  complete  ;  iii,  that  no  function  has 
been  assigned  to  the  "  Fasergriibchen,  except  that  they  act 
physiologically  as  root  hairs  (Keinkc,  lor.  cit.j  p.  $~l);  iv, 
that  they  are  completely  absent  from  some  plants,  e.^. 
Halerica  (Ueinke,  loc.  cit.,  p.  360)  and  Ilimant/ialia  iorea  / 
I  think  the  homology  of  the  two  sirncturefi  is  so  clearly 
proved  that  I  shall  be  justified  in  proposing  instead  of  a 
translation  of  tlie  German  word  "  Faseigrubchen,"  wc 
should  use  the  name  "neutral  conccptacle"  to  denote 
these  neutral  structures.  This  may  be  objected  to  as  a  con- 
tradictory term,  but  [  think  it  is  important  to  convey  nt  once 
the  relation  which  nppenrs  to  exist  between  them  and  [the 
true  conceplacle.  Since,  however,  the  term  conccptacle  has 
now  obtained  a  morphological  rather  than  a  physiological 
signiBcance,  the  absence  of  the  main  function  can  hardly  be 
taken  as  ground  for  refusing  the  term. 

Fuca$  plattfcarput. 

The  sexual  conceptacles  (i.  e.  those  developed  on  the 
swollen  bianchea}  show  in  their  earliest  stages  a  structure 
corresponding  closely  with  that  of  the  sexual  conceptacle  of 
F.  terrains,  having  an  initial  ccllj  terminating  a  basal  scries, 
which  may,  as  in  F.  aerratus,hc  traced  into  the  substance  of 
the  thallus.  In  later  tstnges,  however,  the  initial  cell  appears, 
in  some  cases  to  rplajn  vitality  and  to  divide,  forming  a' 
central  hair,  of  which  the  apical  cell  is  partially  decomposed 
and  shrivelled  ;  in  other  coses  it  remains  inactive,  and 
decomposes  ns  in  F.  acrratus.  The  central  column  is  not 
eo  clsarly  marked  as  in  F.  terrains,  since  it  is  very  soon 
thrown  off,  owing  tu  (be  early  formation  of  hiiirs  lining  the 
cavity.  For  the  same  reason  the  identity  of  the  initial  cell 
is  often  lost  at  an  earlier  stage  than  xnF.serratus.  Thedivi- 
sion  of  the  basal  cell  appears  to  be  less  definite  and  regular 
than  in  the  former  species. 

In  no  point  of  importance  were  the  neutral  conceptacles 
found  to  differ  from  the  sexual ;  the  hairs  arc  formed  earlier 
from  the  lining  tissue  than  in  the  sexual  conceptacles. 
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Fitcus  ve(tcieuIo»u>. 

The  condcptacles  of  F.  icaciculosut  resemble  those  of 
F.  platycarpus  raihcr  than  those  of  F.  acrraiuu,  but  the 
(limion  of  the  niiiinl  c<'U  is  less  freriuent  thnn  itt  the  fornii^r 
necies.  The  tlevelopnient  of  the  neutritl  ib  similar  to  that  of 
toe  Mxual  conceptacles. 

OsotAaliia  nodosa. 

My  iiiatenals,  collected  in  August,  1879,  supplJei]  only  the 
TonngcjtBtngea  of  concpptnclcs.  In  these  the  initial  cell  and 
the  i]iv)<>ioni  of  '.he  surrounding  tissue  correspond  to  those  in 
the  genus  Ir'ucus.  The  basal  eell  is,  bowuver,  not  so  promi- 
nent as  in  F.  saraitis.  lu  this  point,  and  also  in  the  general 
form  ofihe  coucepiacle,  OzolhalHa  Ap))«^ars  to  hold  an  inter- 
mediate position  betn^een  Fucus  and  Ilimanthalia. 

Balidrys  sili^uosa. 

Viewed  from  above  the  young  conceplacle  or  HaJidrrs 
appear*  in  all  respects  similar  to  that  of  Fucus.  In  loiigi- 
todinal  section  the  initial  cell  ap|)ears  in  some  csiaes  as  in 
Fucufl  ;  but,  in  the  large  majority  of  cases,  divisions  occur  in 
it,  lesiiUing  at  an  early  period  in  two  or,  in  some  cases,  more 
than  two  cplls.  The  basal  cell  divides  at  Hrst  by  walls 
fttongly  inclined  to  one  another.  The  cells  t)iu8  produced 
ito  not  at  uu  early  stage  divide  by  walls  paialle)  to  the 
surface  of  the  cavity.  The  reitult  is  that  the  conceptaelc 
usually  Appears,  as  in  fig.  9,  as  though  lined  by  ii  layer  of 
relU  cvutiuuous  with  the  liiniliug  layer;  but  tis  pan^  at 
Irasl,  of  this  tissue  is  derived  from  the  basal  cell,  this  con- 
cht&ion  is  inndmissible.  Mennwliiil'3,  the  initial  cell  (or  group 
o{  ecllsl  has  been  completely  thrown  off  by  the  swelling  of 
the  via\\  dividing  it  from  the  basal  cell. 

Later,  as  in  the  other  plants  of  the  group,  the  cells  of  the 
lining  tissue  put  forth  papitl»  which  develop  fiiither  into 
hiin. 

Himanthalia  lorea. 

Here  we  have  a  departure  from  the  type  of  Fucus.  Close 
to  the  apical  cell  of  the  fertile  branch  the  cells  of  the  limiting 
tissue,  by  means  of  repeated  divisions  parallel  to  the  surface 
of  the  thHllus,  grow  out  into  rnultifellulnr  hnir.s  almost 
every  cell  bearing  one.  \i  the  celts  of  this  tissue  con- 
tinue to  divtde,tome  of  the  hairs  are  tbrown  off,  and  the  rest 
lemain  scattered  over  the  surface.  Tliese  iHnUtcil  hnirs 
consist  of  an  apical  part,  in  which  the  cclU  arc  in  various 
stages  of  decomposiliou ;  a  ceulial  part  where  the  cells  form 
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a  beadetl  scnei ;  n  basal  jvirt  cotisUuii;!  of  cell?  with  ooly 
small  ciuaatitf  of  protopUsm  and  slightly  swollen  ct^U-iralls  ; 
this  lower  part  of  the  hair  eives  the  impression  of  having 
shrunk  similarly  to  the  initial  cell  *of  the  conccptncle  of 
Fucus.  Tracing  this  hair  back  it  may  be  seen,  when  viewed 
from  the  surface,  to  pass  into  n  cavily  between  the  adjoiuin]^ 
colU  of  the  linntiiig  tissue  (fig.  10).  This  cavity  is  formed, 
as  ill  Fucus,  by  the  shrinking  of  the  lower  cells  of  the  hair 
ami  swelling  of  the  contiguous  cell-wallii,  so  as  to  BU  tho 
spnce  thus  formed.  Fig.  11  shows  a  conceptacle  of  Himan- 
tholiR  At  a  slightly  older  stage  in  longitudiiinl  section.  The 
ujraer  part  uf  the  hair  has  broken  away,  leaving  only  a  single 
cell  of  thc(  series  behind.  This  cell  is  shriveUcd  and  tjie 
cell-walls  swollen,  giving  it  tho  same  nppcarnnce  as  the 
initial  cell  of  Fucus,  of  nhich  it  is  undoubtedly  tlie  equiva- 
lent. The  form  and  size  of  this  cell  is  very  inconstant; 
sometimes  two  such  cells  of  the  initial  series  are  left  behind. 
Theie  is  no  cell  in  Ilioianthalia  which  may  be  easily 
recognised  as  corresponding  to  the  bnsal  cell  of  Fucus.  This 
is  probably  owing  to  the  distortion  of  tissues  which  oflcn 
occurs  at  a  little  distance  from  the  apical  cell. 

During  lbis*chnii;;e  in  (lie  original  hair,  the  cells  of  the 
limiting  tissue^  which  immediately  surround  it,  do  not  grow 
as  rapidly  as  the  adjacent  tissue ;  they  only  divide  rarely  in 
a  direction  parallel  to  the  surface ;  but  more  frequent  and 
actire  division  takes  pince  in  a  direction  perjicndicular  to  it. 
Tho  result  is  a  depression  of  the  surface  around  the  initial 
cell.  The  tissue  lining  (he  ravicy  thus  formed  is  therefore 
derived  only  from  ihc  liniiiing  tissue ;  no  part  of  it  is  derived 
from  the  cortical  tissue.  The  further  development  of  the 
conceptacle  is  carried  on  chiefly  by  divisions  according  to 
the  same  rule  as  at  first.  The  region  of  greatest  activity 
is  at  the  base  of  the  cavity.  Thus  the  conceptacle  attains 
the  form  of  a  lon^  tabcj  which  widens  later  at  the  base, 
so  as  to  assume  the  usual  flask  form.  As  this  widening  pro- 
ceeds, hairs  are  formed,  as  in  Fucus,  by  outgrowth  of  single 
cells  of  the  lining  tissue.  In  a  female  conc4>ptacle  these 
hairs  are  multicellular  but  unbranched.  In  the  male  con- 
ceplacle  the  hairs  are  brauctied,  at  first  on  a  monopodial 
system  developed  in  a  racemose  nianncr ;  i.  e.  the  apit^il  cell 
divides  transversely,  and  thp  upper  cell  grows  on  as  before; 
the  lower  cell  puis  out  a  ])rotubetanco  immediately  below 
the  dividing  cell-wnl!.  This  does  not,  however,  overtop  the 
npidil  cell  [cf.  fig.  13).  The  apical  cells  of  such  hairs  do  not 
usually  funn  aniheridiaj  only  the  lower  branches  uudei^ 
the  change.     Coincident   with  the  formation  of  the  anlhe- 


I 
I 


ftETVLOPUEITT  07  CONCBrTACtB   IN  THB  FrCACBA.  4t 

ridia  appears  an  alteration  in  the  system  of  branching  from 
monopodial  to  synip<Kli:iI,  as  ^viU  be  seen  from  fig.  IS. 
Each  of  the  lower  lateml  fixes  is  (erminated  l>r  an  anthe- 
lidium  (1)  nhich  is  cut  off  by  a  transverse  ccll-n-nll.  This 
slops  further  (growth  in  that  tfirection.  As  before  shown  in 
the  case  of  Fucus,  Iwlow  this  cell-wall  appeflr*  a  lateral 
branch,  which  is  in  its  turn  again  terminated  by  an  anlhe- 
ridiuiu  (3).  aiiil  so  on.  The  system  of  brantliing  is  thus 
rendered  sympodial  by  the  formalion  of  aiilheridia;  the 
appftreiit  axis  beinK  a  pseudo-axis,  composed  of  a  series  of 
pedicels  of  successive  antheridia.  Aa  to  the  arrangement  of 
the  siicces9tve  nntheridial  cells,  the  same  remarks  will  apply 
here  as  were  made  upon  the  nntheridia  of  Fucut  scrratus. 
.\s  in  Ftictis,  the  aiitheridia  »re  nut  only  fortued  on  the 
lower  liranchts  of  primary  hairs;  unieelliili\r  pnpiltoe  nre 
here  also  formed  by  outgrowth  of  single  Cflls  of  the  lining 
tissue ;  these  develop  as  described  in  the  case  of  f\tcu» 
ttrraius  (cf.  iig.  8,  i,  i\.  Hi). 

Oencral  remarks. 
In  drawing  our  eonclnsions  from  the  facta  before  us,  the 
most  striking  point  is  that,  in  all  cases  described,  the  forma- 
tion of  the  coriceptach'  i$ preceded  by  tlto  t/reoy  of  otic  or  more 
etih  xchich  occupy  a  central  position  with  regard  to  the 
ehangtB  ichich  foliow.  The  number  of  the  cells  thus  re- 
moTcd  is  rartons,  and  the  manner  of  their  desiruciion  is  not 
coiistant;  but  the  fitct  remains  in  all  cases.  I  roust  own 
inability  to  suggest  a  parallel  to  tlii$.' 

A  point  which  is  not  so  obvious,  but  which  appears  of 
similar  constancy,  is  that  the  cell  or  celh  icktcA  decay  are  in 
vU  cates  membert  of  a  linear  teries.  It  depends  upon  the 
activity  of  division,  in  a  direction  tangential  to  the  surface 
of  the  thallus,  how  thi^  srrics  is  charncterised  ;  whether,  as 
in  Fucus,  where  the  division  is  slow,  and  even  ceases,  the 
apical  cell  of  the  scries  hnngo  behind  the  surrounding  tissur; 
or  whether,  tm  in  Ilimnnthalia,  where  the  division  is  often 
repeated,  the  series  is  elongated,  and,  protruding  beyond  the 
surface  of  the  thallus,  is  called  a  hair.  The  small  import- 
ance of  this  difference  is  shown  by  the  variety  which  exists 
in  this  respect  in  specimens  of  the  same  species,  under  dif- 
■  Bttoke  ('  Entv.  Unters  :  hber  die  Didjotneeen,'  1S7 8,  p.  -}?)  speaking 
ttt  Um  bairs,  whieli  be  termed  "  SprossFsden,"  rem&iki  tbat  tbcjr  are  alwsja 
mibnutched  ;  tlicy  mc  groii^  in  sltcxrcs  Or  rows,  unA  grow,  nc  Ira&t  Inter, 
cxelceiTel;  by  itiviBion  of  their  bMol  cells ;  tliey  Form  ibo  prccuiscrs  of  llic 
rrprwluctive  c«lU,  and  (&!>  ciflwhcn  ttiMc  appear.  lioir  far  ibese  may  be 
cooiptred  villi  tbe  initial  cell  or  bur  of  ibe  f  ucaccw  it  remains  for  oTwer 
obMmlioa  to  decide. 
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ferent  (-ircumstancet;  e.g.  tbe  bunch  of  httirs  at  the  apvx  of 
young  Fucus  ploiits  is  due  lo  an  utitisunl  uciivity  or  (aiigeti- 
iial  division  in  the  cells  of  the  limiting;  ti!(8uc.  This  pheno- 
menon again  apjM'Ars  nt  the  apex  of  older  bniiichea  of 
Fucus,  whose  activity  of  BpicBl  growth  is  in  any  way 
hindered  (Retnke,  loc.  rit.,  p.  338).  And  Kotitafinski  (loc. 
cit.  p.  9)  notes  how  tho  celU  of  the  liniitiug  tisfeuo  of  older 
branches  divides  by  litngentinl  rather  than  longitudinal 
walls.  The  activity  of  tangential  division  being  then  so 
variable,  beforo  asserting  that  the  condition  deocribed  in  the 
case  of  Hinianthalia  is  the  normal  oiil>  for  that  species,  it 
will  be  necessary  to  compare  the  results  here  obtained  with 
those  drawn  from  materials  c^tUccted  nt  a  dilfcrciit  time  of 
year.  I  think  iL  quite  po&^ihlv  that  the  plants  I  have  used^ 
being  collected  in  .\ugu&t,  were  in  a  aemi-dormant  state 
previous  to  their  period  of  active  growth  and  reproduction 
in  the  wiuter.  If  bo,  the  hair,  as  represented  in  fig.  10,  may 
be  compared  with  those  at  the  apex  of  the  young  plant  of 
Fucus,  or  of  the  older  branch  of  Fucus  living  under  diffi- 
culties. On  this  ground  1  shall  not  attempt  to  suggest 
which  is  the  simplest  Torm,  or  the  typical  mode  of  forma- 
tion of  the  conccptaclc. 

This  variation  in  the  activity  of  tangential  division  ac- 
counts for  the  want  of  uniformity  in  number  of  the  cells 
thrown  off  in  different  species,  and  evt-n  in  the  same  specie* 
(this  was  especially  noticed  in  Hatidrys  and  F.  platycarpus). 
In  viewing  the  formation  of  the  conccptaclc  of  the  whole 
group  {as  far  as  studied),  we  may  say  generally,  that  tie 
difference*  in  mode  of  dfxdopment  (iu  the  early  alages  at 
least)  depend  upon  the  difference  in  activity  of  tangential 
divuion  of  the  celU  of  the  ventral  series  ;  for  it  will  be  scon 
that  upon  the  behaviour  of  the  central  series  in  relntiou  to 
the  surrounding  tissue  depends  also  the  origin  of  the  lining 
tissue  of  the  conceptacle. 

la  Fucui  the  terminal  cell  of  the  central  series  (initial 
cell),  ceasing  to  divide  tangenlially  and  being  left  behind  by 
the  surrounding  tissue  (fig.  1),  when  that  cell  decays  a 
cavity  is  formed,  which  extends  further  into  the  tissues  than 
the  baseof  ilie  cellsof  the  siitroutuHng  limiting  tissue.  The 
tissue  lining  the  caviiy  is  ilicrcfore  iu  thie  case  derived  in 
its  basal  part  from  the  curlical,  in  its  up])cr  part  from  the 
limiting  tintiiie.  In  Himanthalia, however,  the  caviiy  thus 
formed  only  extends  at  most  to  the  base  of  the  cells  of  ilm 
limiting  tissue  ;  the  hiyer  lining  the  cavity  is  llius  derived 
only  from  the  Htniting  tissue.  This  distinction  of  origin 
must  not,  however,  be  put  on  a  level  with  that  from  Der- 


srreiorvBNT  or  con'Cbptaclb  in  tub  pvcacba.       40 

maiogen  or  Periblem  of  the  higher  planls.  The  mete  tnct 
that  the  cortical  ii«gue  of  I'ucus  is  deriveil  by  conslniit 
direct  divisiou  A:om  the  limiting  tissue  ia  sufficient  to  show 
that  the  two  are  in  the  closest  genetic  connection,  and  that 
therefore  tU«  diffL-reuce  of  origin  of  the  lining  tissue  of  the 
conccptacle  is  of  very  slight  importance. 

Upon  the  homology  of  the  sterile  conceptacle  ("  Faser- 
gTubcheQ**],  and  of  the  sexual  conceptacle,  I  need  here 
offer  no  further  remarks. 

In  comparing  the  neutral  hairs  in  the  male  and  female 
conceptacles  of  difjecious  species,  I  find  it  the  rule  that  iio 
brancniiig  occurs  in  the  neutral  hairt  of  ihe  female  concept 
taele.  It  may  be  noticed  in  connection  with  this  that  no 
secondary  lateral  formation  from  the  pedicel  of  the  oogo- 
nium has  been  observed.  In  the  male  conceptacle  even 
hf/ore  the  formation  of  anfheruUa  the  hairs  branch,  they  do 
M  according  to  a  monopodial  racemose  system.  It  hus  bc^ii 
»«n  (cf.  fig.  12)  how  the  formation  of  antheridia  modifies 
the  branching  to  a  sympodial  system.  The  antheridia  wi^rc, 
however,  observed  to  arise  also  on  the  apex  of  outgrowths 
fiom  single  cells  bordering  on  the  cavity  of  the  conceptacle 
(fig.  8).  Comparing  antheridia  in  the  state  represented  by 
fie.  8,  i,  with  the  oogonia  as  represenled  by  Thuret  (Etudes 
Pnycologtques,  plate  xii),  we  cannot  fail  to  see  a  complete 
morphological    identity.       Hoth   are   produced   by    the    out- 

rwtli  of  a  cell  bordering  on  the  cavity  of  the  conceptacle. 
both  cases  a  cell-wnll  tangential  tu  the  inner  surface  of 
the  conceptacle  divides  an  apical  sexual  cell  from  a  baaal 
neutral  cell.  It  is  a  matter  of  but  miuur  importance  that 
the  basal  cell  of  the  atitheridium  may  by  lateral  growth 
produce  a  second  antheridial  cell.  Thi.i  may  be  regarded  as 
an  uutL'Ouic  of  the  general  rule,  that  where  the  male  or|.;au 
is  endowed  with  free  motion,  it  is  produced  in  greater  pro- 
fusion than  the  female  organ. 

"We  may  conclude  then  that  the  anthcridium  of  the  Fucm 
yroup  is,  al  least  in  some  cases,  morpholf/ffically  identical  with 
the  oogonium. 

Lastly,  I  must  record  my  thanks  to  Professor  de  Bary,  of 
StTMburg,  for  his  kindness  in  allowing  me  (he  use  of  his 
laboratory,  and  also  for  his  interest  and  suggestions  during 
part  of  my  work. 
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Oa  Certain  Eprecrs  5^  Stahvation  on  Veobtablb  and  Ahihal 
TisscES.^  Bj  D.  1).  CoKTtisnnAM,  M.B.,  Sorgcon,  Indian 
Medical  Senicc ;  Fellow  of  the  Calcutta  Univenit;. 

TiiAT  insulBcieot  supply  of  nolritivc  mati^ml  is  clo9el.T  con> 
iwctcd  with  fflttT  degeneration  of  tissac  is  a  wclUasccilained 

tjatliological  phenoinrDoD.  Rinilfleiscli,  in  his  work  on  '  Patho- 
ogii'al  IfistoIoiTT,'  expresses  himself  as  follows  in  ri^ard  to  this 
sobject :— " This  (the  exclusively  patliological  eale^rv  of  fallv 
niutainorphosis)  includes  all  caseii  of  dtsproporliou  between  the 
means  ofnutritiou  and  the  parenchTtna  to  be  nourished.  Such 
a  di8pro[vortion  may  be  can»etl  eitlier  by  a  climiiiution  of  the 
na/rieas,  or  hy  an  increAse  of  the  nutrUnflum.  If  a.  minute 
Tessel  in  the  hratn  is  plogged,  the  circulation  in  the  area  which 
it  supplies  is  not  wholly  suspended,  owing  to  the  manifold 
anastomoses  wilh  neighbouring  TesseU  ;  nevertlu'Icas,  a  \^rj 
considerable  retardation  of  the  current  takes  placcj  which  may 
even  give  rise  to  temporary  stasis  and  to  bsemorrhagej  and  this 
sufHces  to  disturb  nutrition,  and  so  to  cau»e  fatty  metamor- 
phosis."" 

It  is  easy  to  find  other  concrete  instances  of  falty  degeneration 
in  association  with  impaired  i^upply  of  nutritive  material.  The 
fatty  degenerations  of  various  tissues  occurring  in  old  age,  in 
disused  organs,  and  in  tissues  and  o^aua  where  increase  in  hulk 
has  been  (Ksproportionate  to  vascular  supply,  arc  currently  cited 
as  examples  of  it. 

While  this  is  the  case,  however,  it  is  by  no  means  generally 
rccfigiiiaed  that  fatly  dcpeiieration  of  tissue  is  an  acconipani. 
mcnt  of  the  general  deprivation  of  nutritive  supply  incident  on 
starvation.  On  the  contrary,  we  find  such  a  distinguished 
authority  as  Bauer  writing  as  follows: — "During  a  period  of 
thirty  days  of  starvation  the  body  loses  the  greater  part  of  its 
organic  albumen  {OrffaneiaeUs)  without  the  culls  becoming 
incapable  of  performing  their  functions ;  they  continue  to  act 
and  are  capable  of  full  recovery  on  the  addition  of  material,  ami 
death  results  when  the  actions  produced  by  the  decompositions 
ore  no  longer  sulBcient  to  permit  of  vital  phenomena.     There  is 

^  This  article  funns  a  poniou  of  a  Keport  tceardinff  tbe  pilhologiMl 
chufC*!'  obserreti  hy  I  lie  author  in  perKtiii  who  had  (!i«d  duriog  tlic  funino 
in  llif  ^iaiirfts  Presidrnoy  in  1^77,  The  complete  paper  appears  n  an 
Appendix  to  llie  nxwlly  publiihed  'Jfourtccntb  Aanual  Iteporl  of  the 
the  GoTcmmciil  of  India.'— liditor  '  Qnart. 


SiinilarT  Comniii^ioner  wilu 
Journ.  ilicnj.  Sc.'] 

3  '  Manual  of   Patlioloj^cal   Hisloloey,'  by 
(EagUsli  IrsiulatioTi},  vol,  i,  p.  39. 
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faiM  II  mdual  emiiciation  or  atropli;  or  the  organic  albumen, 
bnl  no  breaking  dovn  of  the  cctU  into  detritus.' 

AUboagh  practical  experience  id  reg^ard  to  the  effects  of 
iosofficient  oonrisliment  on  the  population  of  fa  mine- stricken 
areaSj  as  well  as  many  phenomena  in  the  organs  of  those  dying 
of  dtussee  incident  on  starvation,  rendered  the  accoracy  of  such 
couclosions  very  qnestiouabJe,  it  yet  appeared  necessary  to  in- 
re«tigate  the  subject  ex  jwrimcn tally,  more  especially  as  the  iuler- 
prel&tion  of  the  phenomena  presented  by  the  tissues  of  subjects 
of  famine  dying  of  special  diseases,  bucIi  tis  diarrhcBa  and  dysen> 
toy,  is  bwet  with  certain  fallacies  dependent  partly  on  the 
preaence  of  the  diseased  conditions  tbumsi'lreti  as  distinct  from 
non-complicated  starvation,  and  partir  on  the  remedial  treatment 
vbich  may  have  been  employed.  The  reaulta  of  experlmeutal 
inquiry  into  the  subject  occupy  the  earlier  sections  of  ihi»  report 
as  an  introduction  to  the  details  regarding  the  phenomena 
observed  in  the  human  subject. 

In  regard  to  all  the  higher  forms  of  life,  whcLbcr  aniuinl  or 
vwetabU,  it  is  now  generally  recognised  that  they  are  composed 
of  living  material^  and  of  various  structures  developed  from  and 
by  this  material,  but  that  these  structures,  whilst  retaining 
more  or  less  distinct  structural  evidence  of  tlieir  Rcnctic  n'Jation 
to  tirbg  material,  cannot  be  regarded  as  themselves  alive.  Such 
are  (he  wiJls  of  cell-cavilica  or  of  tubular  or  lilamcntous  struc- 
toresj  &c.,  in  animal  and  vegetable  tissues.  These  are,  no 
doubt,  in  many  cases  dependent  for  their  integrity  ou  the  presence 
of  the  living  material  connocl-cd  with  them,  but  in  others  they 
nny  persist  for  various  periods  practically  unchanged  after  the 
dimppearance  of  the  jMieiit  uiaterial,  and  in  any  case  they  have 
entirely  ccawd  to  exhib't  any  of  the  essential  characteristics  of 
bving  matter.  They  arc  never  developed  except  nndcr  the 
iaduenoe  of  living  material,  but  the  lalt«r  can  be  developed 
independent  of  them,  and  can  even  persist  and  thrive  (or  inde* 
linile  periods  entirely  apart  from  any  of  them.  Changes  occurring 
in  sacti  structures  as  the  result  of  insofHcicnt  supply  of  nutritive 
material  can  only  be  induced  mediately  and  through  the  direct 
inllaeuce  of  such  deficiency  on  the  living  matter.  The  primary 
object  of  the  experiments  in  tbe  present  instance  was,  therefore, 
tbe  determination  of  the  effects  of  iiisuilicient  nutritive  supply  on 
the  livinj;  material,  or,  in  other  words,  on  the  protoplasmic 
constituents  of  (lie  tissues. 

Professor  Huiley  long  ago  defined  protoplasm  as  "the 
physical  basis  of  life,"  and  insisted  on  its  general  uniformity  in 
character  in  whatever  group  of  living  beings  it  may  be  slu(lied, 

"  Dcr  StDlfnmsatB  bei  der  Pliospborrcrgiftang,"  Von  Dr.  Jos.  Baner, 
■  Zmucluilt  Tui  Biotogic,'  Bd.  vii,  S.  63—35. 
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nt  the  !ame  time  nlHrmiDg  tlial  "  iL  thus  bctomea  evident  that 
all  living  poven  arc  cogimtc,  and  that  all  living  forms  arc  fiuda- 
menlally  of  oue  cliaracler.'"  It  cannot  be  supposed  that  any 
difference  uf  opinion  should  exist  on  this  point,  and,  such  being 
the  cue,  it  must  be  evidcni  to  all  that  the  effects  produced  on 
vegetable  protoplasm  bj  insufBcient  nutrition  are  of  a  Daiure 
BDilogoua  to  those  occurring  under  similar  conditions  in  the  pro- 
toplasm of  ajiimal  tistiucj,  and  that  the  study  of  the  former  may 
afford  much  information  in  regard  to  the  latter.  Taking  thin 
into  consideration,  the  reason  that  a  series  of  experiments  should 
have  first  been  carried  out  on  the  induence  of  starvation  on  vege- 
t^blf  protoplasm  becomea  manifest. 

In  selecting  particular  vegetable  organisnu  as  the  Eubject  of 
exptrimcnt,  Uie  primary  desidenita  appeared  to  be — Ist,  to 
|<cm])luy  sucli  as  were  capable  of  easy  and  accurate  observation 
Tinder  the  various  conditions  to  which  they  were  to  be  subjected ; 
and,.2nd,  to  employ  such  as  were  familiar  to  the  observer,  so  as 
to  secure  the  best  opportunities  of  fairly  estimating  the  actual 
linfluence  of  various  alterations  in  these  conditions.     Two  species 
■  of  mucorioc  fungi  were  accordingly  selected.     Both  of  these  had 
been  special  objects  of  study  for  some  years,  and  both  are  readily 
susceptible  of    artificial   culture    under    conditions    extremely 
favorable  to  accurate  observation.     An  additional  recommenda- 
tion of  these  organisms  as  subject*  of  experiment  lay  in  the  fact 
that,  due  to  their  fungnl  nature,  the  processes  of  nutrition  in 
them  »how  a  more  accurate  correspondence  to  those  in  most 
animals  than  they  do  iu  vegetable  tissues  cont-niiiing  chlorophyll. 
Iti  n-gard  to  AniumI  tissues  the  great  point  appeared  to  be  to 
secure  such  as  could  be  submitted  to  observation  during  the  life 
of  the  organism  to  which  they  belonged,  or  in  any  cases  under 
circumstances  invulving  the  smallest  possible  amount  of  manipn- 
lative  interference.     In  order  to  mc«t  these  requiremciils,  the 
animals  selected  as  subjects  of  experiment  were  tadpoles.     From 
the  extreme  transjiarency  of  the  tissues  in  certain  parte  of  these 
organisms,  and  the  ease  witli  which  large  numbers  of  them  may 
be  procured  and  kept  under  observation,  they  aEFord  exceptionu 
facilities  for  the  conduct  of  experiments;  and  although  it  may 
not  be  permissible  to  deduce  exact  conclusions  on  oil  points  from 
the  phenomena  observed  iu  cold-blooded  animals  regarding  those 
vibich  will  present  themselves  in   higher  forms  under  similar 
couditions,  yet  in  so  far  as  ttic  general  effects  of  defective  supply 
of  nutritive  material  on  the  living  elements  of  the  tissues  Ui 
concerned,  there  is  good  reason  to  suppose  that  tbe  phenomeo 
in  both  cases  must  be  much  alike. 

'  '  Oil  tlic  Phjuical  Bairia  of  Lif«,'  Lk>  Seriuoiu,  AiiJr«»ei,  and  Iteviewi, 
by  T.  H.  Uiaity,  LL.O.,  F,R,8.,  pp.  l«0— 146. 
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In  rf|^d  to  both  snimals  uad  vrgt^labli<«  the  proceOure  em* 
plorrd  111  ojirrvitif;  out  ihe  cxperimcntfi  vas  oimilar,  conmtiiig 
ia  reuiiiing  tticm  {or  ran'oua  periods  iu  fluids  in  nliich  nufritire 
material  was  prcti'iit  iu  variuus  auiounls,  or  uluioft  entirely 
ibwatj  ilie  Intirr  eoaditiou  htmg  secured  by  emptoying  distilled 
valcr  u  n  medium.  With  these  jircliitiiuary  ubservatJons  a 
detailrd  account  of  the  reaults  of  experimeDt  may  be  entered 
apoD. 


I. — RrpenmeaU  on  fke  Eff^tcls  of  Deficient  Supply  of  Ifniritive 
Maieriai  on  VegeiabU  Tittnea. 

The  |)latita  labjectcd  to  experiment  were,  ta  before  mentioned, 
both  membera  of  the  muooriiie  order  of  fungi;  one  of  them 
being  the  sole  known  rejireMntative  of  the  genns  Ckoanepkoro, 
the  other  the  well-known  PiloiiolHa  cr^slaWmns.  Both  of  these 
fungi  are  uf  constant  occurrence  in  the  neighbourhood  of  Cal< 
cotta,  and  both  are  reailily  fluscejitiblc  of  cnltivation  in  media  fo 
liquid  OS  to  allov  of  the  easy  removnl  of  germinating  uonidia 
and  6pore3^  or  portiona  of  mycelium  and  rructilicatiun,  with  a 
ininimam  of  disturbance  or  injory.  Thin  in  nnturntly  a  matter 
of  moment  when  it  becomes  necesMiry  to  submit  such  structures 
lo  minute  examination,  or  to  transfer  them  to  iiuw  media.  In 
(ij  far  aa  Cboanepliorn,  however,  is  concpmed,  the  nutntive  Uuid 
itself,  a  strong  deeoctioo  of  the  coruUic  of  Hibiscus,  is  such  as 
to  allow  of  conlinuoQs  observation  of  all  ilie  stages  of  growth 
in  the  fungal  structures  while  still  in  it,  and  of  ready  dilution 
with,  or  entire  substitution  by^  diFtilted  water  without  any  dis- 
turbance of  the  mycelium. 

The  conidia  of  Cboanepbora  when  introduced  into  the  nutri- 
lire  tluid  germinate  almost  immediately,  and  under  ordinary 
circumstances  produce  an  abundant  crop  of  eonidial  frnctificaiion 
within  twenty-four  hours.  Immature  conidia  are  fuit  of  a 
coarsely  granular  oily  protoplasm,  but  they  clear  up  greatly  as 
they  ripen,  and  uhimately  the  oily  matter  is  only  represented  by 
aggregations  of  yellowish  granules,  one  of  which  is  generally 
situated  toward  either  extremity  of  ench  ovnl  ccmidium.  When 
(he  conidia  are  subjected  to  conditions  pcrmitling  of  their  ger- 
mination, Ibe  &rst  change  which  occurs  in  them  is  a  gradual 
diffusion  of  the  fat  granules,  and  the  establishment  of  streaming 
movemetit  in  the  protoplasm.  Ultimately  the  granulci  dissolve 
and  almost  entirely  disappear,  and  the  conidium,  now  futl  of 
shining,  active  protoplasm,  emits  a  germinal  tube.  The  latter 
grows  and  ramities  rapidly  if  the  surrounding  fluid  contains 
suflicient  notritive  material,  ami  within  the  course  of  ii  few  hours 
gives  rise  to  an  abundant  myccliuni.   W^here  the  Quid  is  deficient 


64 


D.   D.  CVNXIXOaiU. 


in  nulritivc  material,  tbe  mycelial  development  undergoes  rariooc 
^anodifications,  anil  where  nutritirc  material  is  absent,  u  in  dis- 
^tilled  wati^r,  manv  cooidin  refuse  to  germinate;  ud,  in  those 
casea  whera  Rermination  occui-s,  the  genniiuil  tubes  are  abortive, 
their  growth  oeing  arrested  so  toon  at  tlie  store  material  of  the 
parent  couiilia  is  eihausted.  Tbe  mere  addition  of  moislare  la 
sufKcimit  to  induce  germinntion  in  mnnj  fungal  sporca  and 
conidia,  but  wlicrc  nutritive  material  is  vanting,  or  vrhcr«  the 
means  providing  for  its  ai^siinilatiun  are  absent,  the  amount  of 
rth  which  takct  place  is  determined  bjr  the  amount  of  ma- 
terial stored  op  in  the  reproductive  body.  The  plicnomcnt 
observed  in  regard  to  tbe  conidia  of  Chuanephora  olTord  an 
exampld  of  the  result  of  abscnoc  of  nutritive  mal«rial,  whilst 
iho»t  recorded  regarding  the  germination  of  Hchen-spores  apart 
from  algal  elements  appear  to  be  referable  to  absencr  of  asnmi' 
,  lative  capacity. 

Tbe  germiDal  tubes  and  actively*gToving  voung  mycelial  fila- 
moiits  of  Cboanephora  are  full  of  a  shining  protoplasm,  in  which 
sap  vacuoles  are  present  in  varying  numbers.  When  examined 
under  high  powers,  the  protoplasm  presents  a  dimly  clouded 
aspect,  and  a  small  numbfr  of  brilliant,  fibarply-defincil  gmtiulea 
[^arK  seen  scattered  through  it  at  wide  intervals  (^viJe  fig.  I,  a). 
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Fis.  1.— Germinal  tubes   of  Cboanephora. 
tube.    B.  StarTcd  lubi- 
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In  such  tabes  it  is  almost  impossible  to  detect  any  movement 
in  the  protoplasm,  as,  owing  to  the  fulness  of  the  lube  and  the 
general  abicnce  of  distinct  granules,  tliere  is  nothing  to  serve  aa 
an  index  of  movement  save  the  alow  changes  in  the  form  and 
distribution  of  ilie  vacaola.  In  older  portions  of  mycelium, 
however,  an  abundance  of  granular  matter  accumulates,  and 
here  active  atreaming  of  the  protoplasm  is  very  distinct  in  many 
cases.  GrannUr  accumulation  increases  rapidl|  preparatory  to 
tbe  development  of  the  fertile  Ulamenta,  and  theae  nud  the  young 
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comdia  uising  bom  them  are  densely  packed  with  coarseJj 
gnnubr  matter. 

ThU  granabir  matter  may  be  dftormincd  to  be  of  nn  oily 
satuK  by  Ltie  om  of  appropriate  reagent?,  and  its  ^peannce 
in  the  fructifying  myceliaaQufiluncDts  of  fungi  is  a  phenomenou 
of  frdjueiit  occtirrcnce.  It  is  usually  ascribed  to  accumulation 
of  oily  matter  derived  from  the  nutritive  mediam,  and  to  thiS| 
no  doabt,  it  may  in  many  cases  be  in  great  part  duCj  but  that  it 
it  entirely  and  invariably  to  be  accounted  for  in  this  way  is  ren- 
dered very  questionable  by  the  phenomena  which  will  presently 
be  recorded  as  occurring  in  (he  protoplasm  of  starved  Diycelin. 
An  excessive  supply  of  nutritive  material  is  certainly  not  favor- 
able to  the  development  of  fructification,  for  where  a  ]M)rtion  of 
mycelium  is  retained  in  a  concentrated  and  frequently  renewed 
natritive  medium,  the  appearance  of  fertile  ^laments  is  in- 
definitelydclayed,and  the  mycelium  continues  to  grow  loxuriantlr, 
while  a  crop  of  reproductive  boilies  may  generally  be  readily 
srcored  from  it  by  diluting  the  medium  or  ceasing  to  renew  it, 
and  thereby  allowing  its  ouiriiivt;  properties  to  become  ex- 
hausted. 

Various  other  reuiulcahle  effects  are  produced  by  variations  in 
the  amount  of  ontritive  supply,  the  special  form  assumed  by  the 
fructificatioQ  ia  any  cultivatiuu  being  to  a  great  extent  directly 
ddermined  by  Ihv  quautity  and  {jualiiy  of  the  nutrilivc  medium. 
Thetc  wilt  be  referred  to  again  in  the  descriptions  of  the  cfTecta 
of  starvation  of  the  myceiium,  and  a  detailed  account  of  them 
wcmld  occupy  more  space  than  can  be  devoted  to  it  here.  The 
general  points  to  be  borne  in  mind  are — 1st,  that  during  the 
evolution  of  the  young  plants  from  the  reproductive  cells  there 
ia  aa  involotion  and  dieappearante  of  oily  matter;  Snd,  that  in 
young  mycelin,  in  which  vegetative  growth  is  at  a  maximum 
and  nutrition  most  abundant,  the  protoplasm  contains  a  minimum 
of  difTerentistcd  oily  matter;  3rdj  that  in  older  inycelia, and 
eipecially  in  the  fructi^ing  filaments  and  young  reproductive 
bodies^  a  great  accumulation  of  oily  matter  occurs ;  4th,  that 
excesaive  nutrition  appears  to  be  antagonistic  to  the  development 
of  reproductive  bodies. 

Keeping  theee  facts  in  view,  the  phenomena  attending  diminu- 
tion, or  deprivation  of  nutritive  material,  may  now  he  described. 
The  experiments  regarding  these  may  be  referred  to  the  follow- 
ing subdivisions:— 1st,  curtivatiun  of  conidia  in  distilled  water; 
2nd,  cultivation  of  germinal  filaments  in  distilled  water;  8rd, 
cultivatiou  of  more  or  less  developed  inyceha  in  distilled  water. 

1st.  CuUivatioHS  of  comdui  in  distilhd  leater. — In  many 
CMCK,  as  previousK  mcnlioncd,  the  coni'Ua  refused  to  germinate 
at  all,  while  Uieir  cootenta  became  gradually  resolved   iuto  a 
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mere  loose  a^reg«tion  of  (fnonUr  mitlcr.     In  other  inataaci*.*, 
however^  geruiic&tioii  occurred.     Erolution  in  «ich  cases  was 
Umitccl  to  the  dcrclopment  of  sbort  grrminal  tubcJ,  tod  no 
formatiou  of  mfceliom  erer  ensued.    Tlie  gemuDkl  tubes  baving 
been  formed^  two  iinal  resulU  occurred.     These  consisted  either 
in  ft  granular  (lisintegration  of  the  protoplasm,  or  in  the  forms* 
tion  of  ohlamTdosporic  reproductive  bodies.     In  the  one  case  the 
contents  of  the  tubes  ullimatcljr  consisted  of  s  collection  of 
swanning  oil  granules ;  in  the  other  they  became  condensed  into 
shining,  isolated  masses  of  oval  or  fusiform  Dultine,  consisting  of 
dense  aggTCgatioas   of    protoplasmic   material,   inrcstnl   bv   a 
limiting  larer,  and  in  other  respects  resembling  aimilnr  repro- 
ductive boJies  occurring  in  otiier  mucorine  fungi. 

2nd.  CvOivutiont  of  germinal  tvbes.—\\\  this  case  the  conidia 
were  introduced  into  nutritive  Auid,  and,  at  the  close  of  some 
boors,  vhen  germination  had  freely  taken  pUoej  the  fluid  was 
washed  out  ana  replaced  bv  distilled  water.     The  healthy  germinal 
tubes  (vj</ff  Og.  1,  a)   contain  an  abundance  of  dimly  clo 
protoplasinj  with  numerous  vacuoles  and  a  few  lUstinct  grannlei 
The  primary  efl'pct  of  the  substitution  of  water  for  lln'  nutritive 
fluid  is  A  great  increase  in  vacuolation,  the  protoplasm  becoming 
contracted  as   absorption    progresses,    ana    ultimately   in    tbo 
majority  of  tubes  bciuf;  reduced  to  an  irregular  peripheral  Inycr, 
lining  the  walls  of  the  tubes,  and  to  a  series  oi  connecting 
processes  extending  across  the   cavity   and   forming   irregalnr 
anastomose*  with  the  lining  layer.     Whilst  these  changes  occur 
in  the  distnbution  of  thoprotopbisin,  another  series  of  alterations 
affect  its  composition.     The  number  of  granules  present  in  it, 
which  originally  is  very  small,  rapidly  increases,  and  this  increase 
combines  with  the  altered  arrangement  in  distribution  to  render 
the  sdeaining  motion  of  the  protoplasm   very  evident    as  the 
granules  arc  hurried  along  tlie  peripheral  layer  and  reticular 
processea.     The  granules  continue  to  increase  in  size  and  number, 
and  assume  a  more  or  less  distinctly  oily  aspect,  and  after  the 
lapse  of  a  few  hours  arc  very  abundant  and  conspicuous.     After 
twelve  hours  of  starvation  all  protoplasmic  activitv  has  ceased  in 
most  of  the  tiibf^,  and  the  contents  are  now  repreaenied  by  a 
mere  network  of  filaments  studded  with  bright  granules  {fig.  1,*b), 
but  in  sonic  instances  movement  continues  with  great  vigour, 
and  is  rendered  particularly  clear  by  the  abundance  and  siae  of 
the  granules,     i'inally,  however,  movement  ctnses  in  these  tubes 
also,  and    they  come  to  present   the  same  ftjjpearances  as  the 
others.     The  peripheral  layer  of  protiipliwin  appears  to  become 
ffradually  detached  from  thV  walls  of  the  tube,  so  that  the  con- 
tents become  rcdoced  to  a  mere  tangled  oggregation  of  filaments 
and  granule*,     Kventually  the  connecting  materia)  disappears, 


^smnu  free  in  ttie  tube  cavit/,  or  unite  into 
r-ifhicb  may  bu  dissolved  out  iu  ether,  mid  jui 

lepositeH  as  gfi^les  and  fat  crjrstAla  on  the  evaporation  of 
tlie  reagent. 

3rd.  Cnllivatitnu  of  m^celittm  i«  ditlilied  wuter. — Tlic  |iro- 
ccdore  folloved  in  these  experiments  wns  simitar  to  that  in  the 
case  of  tbow  witU  the  germinal  tubes;  llie  unly  diOTerence  Ijing 
in  the  fact  that  here  thi>  fungiil  p!iMncnt«  were  allowed  to  remain 
ill  the  nutritive  medium  for  n  longer  jicriod,  and  until  a  consider- 
able dcvdopmeiit  of  mvceliuui  had  occurred.  As  a  rule,  whilst 
the  notritive  fluid  nas  replact-d  b^  water  in  three  or  four  hours 
from  the  period  at  which  the  conidia  were  sown  in  the  experi- 
meota  on  the  germinal  tubes,  the  substitution  vra>  not  carried  out 
here  until  after  the  lapse  of  ej^^ht  or  ten  hours.  The  primarr 
effects  of  the  treatiiunt  in  the  prcBoot  series  were  identical  with 
thoae  described  as  occurring  m  the  fornier  one,  but  while  iu 
that  series  the  procesa  ran  rapidl;  through  varioua  stages  of  fatty 
transfotmaliou  and  ditintegralion  without  the  occurrence  of  any 
further  derelopment,  one  result  of  depriving  a  formed  mycelium 
of  nutritive  material  ia  almost  invariably  tlie  development  of 
fractiiicstion  within  the  course  of  the  next  twelve  hours. 

The  form  of  fruetifi cation  cliaracterising  such  cultivations  is 
eporaneial.  As  a  result  of  previous  experience,  this  form  had 
b«en  deterraiacd  iu  the  case  of  Choauephora  to  be  developed 
nnder  drcumatances  of  defective  nutrition  dependent  on  various 
ca.use9— on  disproportion  between  the  numbers  of  conidia  sown 
in  a  nutritive  iiuiJ  aud  its  amount,  on  employing  a  iluid  which 
wiw  originally  weak  or  had  become  exhausted  by  previous  eulti- 
rationi,  &c. ;  but  no  other  procedure  nppcnrs  to  afford  such 
certain  production  of  a  crop  of  sporangia.  When  the  mycelial 
dltaents  have  not  been  entirely  emptied  of  their  contenta  nuring 
this  development,  the  condition  of  these  is  identical  with  ibat 
occurring  in  the  case  of  germinal  tubes  whieh  have  been  exposed 
to  starviition  for  a  similar  period,  and  the  develnpment  is  pro- 
bably to  be  ascribed  to  a  utilisaliuu  by  one  portion  uf  the  proto- 
plasm of  tnaterials  derived  from  the  disintegration  of  another 
poition. 

In  all  three  series  of  experiments  the  results  were  similar  in 
showing  that  fatty  change  and  ultimate  disintegration  of  the 

Srotoplasm  are  direct  reanlts  of  insufficient  nutrition.  The 
evelopment  of  reproductive  bodies  coincidently  with  these 
processes  is  very  interesting,  but  by  no  means  so  anomalous  as 
It  might  at  first  sight  appear.  There  are  many  facts  showing 
that  the  antagonism  between  individual  growth  aud  rvprocluctiuu 
is  not  to  be  ascribed  solely  to  expendituro  in  one  direction 
counterbalancing  that  in  another.    Root-pruning  and  poor  soil 
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will  often  force  i^lante  ioto  flower  and  fruit,  which,  with  a  liberal 
evppl;  of  autritivc  material,  have  pcrsistnl  in  mere  continaous 
vegetable  growth.  This,  boweviT,  is  a  subject  hardly  catling  for 
detailed  discu^iou  here:,  but  it  is  of  iin])ortaiice  to  note  that  the 
coincidence  of  the  formation  of  rrproductivo  bodies  with  an  oily 
condition  of  the  protopbism  is  of  rery  frequent  occurrence  in 
fungi,  and  that  toe  prtscnt  experiments  demoiislmte  that  the 
presence  of  oil  iu  such  cases  cannot  be  taken  as  oeccssarilj-  indi- 
cative of  excessive  accumulation  of  nutritive  niaton.'il. 

The  other  [ilauts  iu  which  Ihe  effects  of  ineuiliciciit  nutrition 
vfCTv.  Btiulieil — PilobolttS  cryatalHtiua — is  iu  various  reopecta  not 
such  a  good  subject  for  experiment.  It  cannot  be  satisfactorily 
cultivated  in  a  medium  allowing  of  coutiuuous  studr  without 
disturbance  of  the  growing  tissues  ;  it  is  impossible  without  great 
inteifeFeDce  with  and  injurr  to  the  growing  tissues  to  free  them 
comidctcly  from  extraneous  matters  from  which  thcj  may  derive 
nutrition;  and  the  healthy  growing  proto])ladtn  in  almost  any 
case  contains  a  cousidernble  amount  oi  diifereotiated  oily  matter. 
Allowing  for  thc»c  drawbacks,  the  (^periinents  yielded  results 
eisscntially  similar  to  those  in  regard  to  Choanephora. 

The  materials  for  cultivation  were  furnished  by  the  spores  of 
the  plant  develoiicd  under  natural  conditions.  Tiie  spores  are 
at  any  time  readily  attainable  in  Cnlcattaj  a3  portions  of  fresh 
CDwdung  kept  for  a  day  or  two  in  a  moist  chamber  hardly  ever 
fail  to  produce  sn  abundant  crop  of  the  fungus.  I'^resh  spore 
masses,  secured  shortly  after  their  discharge  from  the  summits  of 
the  parent  SlamentE,  were  intruiluced  into  cowdung,  which  had  been 
diluted  with  water  and  subscfiuently  boiled  to  secure  the  destruc- 
tion of  extraneous  fungal  elements.  By  this  means  a  clean  crop 
of  Pilobotus  was  secured^  developed  in  a  basis  sulliciently  fluiaj 
to  nnder  the  removal  of  germinating  spores  or  mycelial  filamentt] 
an  easy  matter.  In  removing  mycclia  it  was  found  impossiblft; 
to  free  the  filamenta  entirely  from  adherent  ]iortions  of  the  basis 
without  injuring  them  so  greatly  as  to  complicate  the  results  of 
experiment,  but  the  amount  of  nutritive  material  was  reduced  to 
a  minimum  by  the  aduptiou  uf  the  following  method.  A  mass 
of  the  cowdung  containing  mycelium  was  carefully  removed,  and 
introduced  into  a  watch-glass  contttining  distilled  water.  Gentle 
agitation  served  to  wash  out  much  of  tlie  cowdung;  the  water 
WM  then  poured  ofF  and  repbced  by  a  fresh  supply,  renewed 
agitation  applied,  and  this  process  being  repeated  several  times, 
the  mycelium  was  at  last  obtained  relatively  free  from  ndhcrent 
particles.  It  was  then  allowed  to  remain  in  distilled  water,  and 
the  phenomena  presented  by  it,  at  various  intervals  from  theoom- 
nienecmcnt  of  the  ex])eriment,  carefully  studied.  As  in  the  case 
of  the  other  species,  the  main  efTect  following  the  deprivation  of 
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unfritive  material  Meuied  to  lie  in  an  oily  transformation  in  the 
protoplasm,  and  the  aUimatc  rcdnction  of  the  conleuts  of  the 
tilatnents  to  mere  accumulations  of  awaroiing  fat  granule?.  The 
nature  of  these  granules  can  generally  be  readily  tletermined  hy 
the  action  of  appropriate  reagentfl.  and  the  quantities  of  yellow 
oil  which  can  be  extracted  ie  vcrr  remarkable. 

The  iporea  of  Piloholufl,  as  a  role,  entirely  refuse  to  germinate 
in  diettUtd  water,  and  the  contents  merely  pa«s  on  into  granular 
defeneration . 

In  these  experiments  on  vegetable  tissues  the  primary  effect  of 
Btarvatiun  seems  tu  coosiit  In  a  gradual  analyeis  of  the  complex, 
amalgam  constituting  the  protoplasm,  and  of  a  precipitation  of 
oily  matter  from  it.  Tills  ts  followed  by  transformiition  affect- 
iug  the  albuminoid  conatiluent?,  and  ultimattly  leading  to  their 
more  or  less  complete  conversion  into  fat.  Vegetable  proto- 
plium,  according  to  most  recent  observations,  consista  of  "a 
combination  of  albuminous  substances  with  n-ater  and  ymall 
qnnntiticfl  of  incombustille  material.  Xn  most  cases  it  also  con- 
tains, as  may  be  concluded  on  physiological  grounds,  consider- 
able quantities  of  other  organic  compounds,  belon^riuK  probably 
to  the  series  of  carbo-byd rates  and  fnts.  These  ndniixtitrcs  are 
diatributed  through  its  mass  in  an  invisible  form."' 

The  npiditv  with  which  oil  granules  appear  in  many  instances 
lendcra  it  ptooable  that  those  first  produced  are  (hv  r'suU  of  a 
aepantiou  of  prc'existent  oil.  That  the  oily  material  subse- 
quently produced  is  a  new  formation  is  demonstrated  by  the 
entire  disappearance  of  all  other  elements  from  the  interior  of 
the  cells  or  filaments. 

Hie  contrast  between  the  phenomena  atleading  evolution  and 
innolntion  is  strikingly  exhibited  in  these  experiments.  In  ger- 
minitttng  spores  we  find  a  solution  and  disappearance  of  dim-r- 
endated  oily  matter ;  in  starved  filamenta,  a  precipitation  of  oily 
malter  from  a  previously  homogeneous  protoplasm. 

n. — Erperimentt  on  the  ^ectt  of  J)e^ieni  Supply  0/  Xuiritive 
Mai^riaioa  Aniaai  l^uuej. 

The  animals  employed  in  the  experiments  on  this  point  were 
the  larvic  of  ihe  common  toad  of  this  part  of  India  {Bn/o  fneluno- 
tticins)  and  of  Rana  tiffriua,  the  so-called  Bullfrog  of  Anglo- 
Todians.  The  procedure  followed  consipted  in  retaining  the 
larrw  in  water  containing  varying  amounts  of  nutritive  material, 
or>  u  far  u  poaiible,  entirely  deroid  of  it;  freshly  distilled  water 

>  'Text  Book  o(  Botany,  Muniuologic&l  and  Phjstologicat,'  by  Julius 
Sidn.  TraiulatcJ  and  annotated  by  A.  W.  Bennett  and  W.  T,  Thistlelos 
])7«r.    Oxford,  1376,  p.  37. 
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being  emptoTt'd  in  the  litter  cue,  as  in  the  psperimcnis  on 
sUrvatioa  of  funga]  titisues.  A  xttj  targe  Dumber  of  careful 
observations  n'ere'unide  on  the  toad-larvs  ;  tbo»e  on  the  larvn  of 
the  bullfrog  vere  fev  in  number,  and  only  undertaken  with  a 
view  to  compare  the  general  results  with  those  of  the  former 
series.  A  detailed  account  will  therefore  be  given  regarding  the 
phenomena  obacrved  in  the  load.larvtp,  with  brief  notices  of 
those  occurring  in  tbe  others. 

Before  describing  the  effects  produced  bj  abnormal  conditions 
of  nutrition  it  is  necessary  that  some  account  of  tbe  healthr 
tissues  and  organs  should  be  given.  A  complete  description  of 
the  entire  anatomy  of  the  larva)  would  occupy  much  space,  and 
seems  unnecessary  for  n  correct  apprehension  of  the  most  impor- 
tant effects  of  starvation  ;  anatomical  details  are  therefore  given 
in  regard  only  to  the  transparent  portions  of  the  tails  and  to 
the  intestinal  canal.  The  state  of  the  tissuej*  in  these  was  made 
the  object  of  special  study  in  all  tbe  experiments,  tbe  tissues  of 
the  fin  affording  exceptionally  favorable  opportunities  for  obser- 
vations conducted  during  the  life  of  the  animals,  and  those  of 
the  intestinal  can.al  being  readily  studied  without  tbe  employ- 
nent  of  means  calculated  to  introduce  manipulative  fallacies. 

The  lateral  portions  of  the  tail  in  the  Inrvtc  of  Bufo  melatto- 
aiielvs  may  be  described  in  g«ueral  terms  as  consisting  of  a  sheath 
of  epidermis  containing  a  network  of  romitied  connective-tissue 
elements,  together  with  vascular  and  nervous  s-truclures,  and  a 
number  of  free  cells  or  bioplasts  characterised  by  their  irreguliir 
ramified  outline  and  amieboid  chaoges  of  form.  A  few  cells 
containing  pigment  arc  also  present  in  some  cases,  but  tbeir 
namber  and  distribution  arc  very  uncertain. 

The  epidermis  consists  of  two  layers  of  epithelial  cpHs.  In 
the  outer  of  these  layers  the  constituent  cells  are  ilattcned,  so  as 
to  form  jjolygonal  plates.  The  edges  of  these  plates  are  straight, 
or  at  utmost  only  show  slight  shuUow  sinuosities  (vide  fig.  2,  a). 

The  cells  vary  greatly  in  size  and  form  in  various  portions  of 
the  fm>  but  are  apparently  everywhere  cloacly  adapted  to  one 
another,  formmg  a  continuous^  uninterrupted  sheath  over  the 
deeper  structures.  Each  cell  contains  a  large  oval  nucleus,  and 
this,  together  with  the  portion  of  the  cell  imniediaiuly  surround- 
ing it,  appears  to  project  on  the  under  surface  of  the  plate. 
Due  to  this  circomstance,  whilst  the  external  surface  of  the 
entire  layer  of  epithelium  is  0at  and  smooth,  the  under  SMrfnce  is 
uneven  and  covered  with  prominences.  These  prominences  come 
into  close  contact  with  the  upper  surface  of  the  inner  layer  of 
epidermisj  while  a  series  of  shallow  spaces  is  left  elsewhere  cor- 
responding with  the  thin  portions  of  the  plates. 

The  inner  layer  of  epidermis  differs  in  many  respects  from  that 
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ind  in  the  size  and  form  of  their  Quclei.  Hhey  arc  uot^  liow- 
erefj  nearly  so  fiat  and  tliiu^  but  present  a  tabular  in  place  of  a 
scale-like  form,  each  cell  being  of  some  deptlt,  and  mori;  or  leu 
convex  infi-riorly.      The   margins  of  the  cells  are  dec|iiy  and 

■  cIomIt  sinuate,  the  [iroQiiiience!!  and  depressions  of  neighbour* 
ing  (ilia  being  closely  adapted  to  one  another  (vide  tig.  i,  b}. 
There  if  not  the  same  uniformity  throughout  the  whole  extent  of 
ihiA  laver  of  the  epidermis  as  in  the  case  of  the  outer  lajer. 
Intercalated  among  the  ccUa  whieh  hare  just  been  described  are 
cell  sp&ce«r  which  »t«j)d  out  conspicuously,  due  to  their  duk 
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in  the  natorc  of  Iheir  contents;  ihc}'  cannot  be  regarded  as 
onicellaUr  glands  uu[c»s  all  c«ils  noruiall^  undergoing  degonera* 
tbn  and  destruction  are  to  he  regarded  oa  sucb,  and  thejr 
nrtaintj  do  not  serve  to  facilitate  desquamation,  its  they  nunr  m 
derelopedand  ultimately  di«appe!ir  in  exceseire  numberfl  witbont 
any  tendency  to  de-?t|uaniation. 

The  miture  of  the  gninnlar  matter  is  easily  determined  by 
meoiis  of  alcohol  and  etber,  the  granules  being  completely  aud 
npidy  dissolved  under  the  influence  of  these  reagents.  The 
first  effect  of  the  solvent-s  is  to  cause  nctire  swarming  of  the 
granules,  which  either  melt  together  into  larger  granules  and 
tflobules  previous  to  dissolving,  or  merely  vauieli,  of  a  sudden, 
without  the  occurrence  of  such  a  proc<?5B.  The  svarminff 
gnnules  occasionally  become  dispersed  ere  dissolving  and  spread 
for  some  distance  in  tlie  interspaces  between  the  two  layers  of 
epidermis ;  but  I  have  never  seen  them  discharged  externally, 
even  wbcre  the  parent  cells  have  been  *o  much  distended  as  to 
canse  elevations  of  the  surface.  After  the  dissolution  of  the 
granules  open  spaces  are  left  in  the  deeper  layer  of  rpidcrmis 
precisely  similar  to  those  occurring  normally  in  it,  t^ave  in  cases 
where  the  cells  li»vc  only  undcrj^one  partial  transfrnnation  ero 
tb«  application  of  the  rengents,  when  traces  of  an  ntrophied 
ceU-wail  and  nucleus  are  more  or  less  distinctly  recognisable  ia 
the  spaces. 

It  is  easy  to  trace  the  variou?  stages  of  transitiou  by  which 
the  normal  cpidermnl  cells  are  trnnsformed  into  mnture  granule 
cell*.  The  earliest  symptom  of  impendinj^  transformation  con- 
sists in  an  increased  refractivencss  and  dunsity  of  the  cell 
contents.  They  acquire  a  yellowish  lint,  gmiiuli'jt  i)i>gin  to 
appear,  and,  continuing  to  accumulate,  from  a  dense  yellow  or 
browu  masis,  which  ultimately  occupies  the  entire  cell  cavity 
(n<^  fig.  -(,  A  and  b). 


Daring  this  ncrnmulBlion  llie  a-l)  grDcnillj  lacreMe*  con> 
sidcrabljr  in  *vtf,  to  m  to  fill «  space  t«icc  or  thrre  times  u  ereat  u 
that  which  it  originalljr  occupird,  and  the  nucl^U9  \»  at  the  snnie 
time  pressed  to  onr  or  other  side  of  the  cell.  After  the  htghe«t 
atag«  of  development  has  been  attained,  a  certain  amount  of 
condensation  uaualk  occurs,  and  the  granular  mass  shrinks 
and  lies  more  or  less  free  in  the  space  which  it  formerly  occupied. 
The  nucleus  and  cell-wall  fiiiatlj  disappear,  and  a  mere  ma&s  of 
fat  granules  remaius  behind,  lying  in  a  large  space  in  the  r^idermal 
tissue.  Such  appears  to  be  the  normal  coarse  of  derelopmeut 
of  these  structures,  but  in  some  cases  more  or  less  pigment  is 
deposited  along  with  the  fal,  and  persists  after  the  eoluiion  of 
the  latter. 

Tlic  only  other  bodies  which  the«e  cells  in  some  degree  resemble 
are  the  granule  cells  discovered  bv  Kulliker  in  the  epido-mis  of 
the  lamprey.  Thcjr  differ  from  t^ieio,  however,  in  their  simple 
structure,  having  uo  processes  connected  with  them  which  can  be 
regarded  either  as  gland  ducta  (KoUiker)  or  sensorr  filamenta 
(P.  Schultze). 

lo  the  normal  state  of  the  healthy  larvs,  the  granule  cells  are 
developed  in  varying,  but  never  in  excessive  numhera.  In  to 
far  as  a  careful  atody  of  their  development  and  subsequent 
history  affords  any  information  on  their  functions  thev  appear  to 
subserve  important  ends  in  the  processes  of  growth  of  the  tissue 
in  which  ihey  occur,  as  well  as  in  the  involution  of  thoee 
portions  of  the  latter  which  are  peculiar  to  the  larval  condition, 
and  disappear  on  the  aasumption  of  the  adolt  form.  As  pre- 
viously mentioned,  the  granule  cells  during  the  coarse  of  their 
development  increase  considerably  in  size,  forcing  apart  the 
surrounding  cells  of  the  epidermis,  and,  on  their  dissolution, 
leaving  spaces  much  larger  than  those  occupied  by  the  unaltered 
elements  of  the  tissue.  Under  normnl  conditions  these  spaces 
axe  now  filled  up  from  below  by  the  intercftlation  of  new  atroc- 
tores.  These  may  in  some  cases  be  derived  from  the  system  of 
suh-cpidcrmal  free  aiu^Eboid  ceils;  but,  as  a  rule,  they  are,  I 
believe,  derived  from  the  connective- tissue  system.  I  have 
frequently  been  able  to  trace  a  direct  connection  between  fusi- 
form nuclear  bodies  lying  in  the  blank  spaces  and  the  common 
connective-tissue  system  of  the  interior  of  the  Gn ;  and  in 
cases  where  this  cannot  be  done,  the  appearances  presented 
by  the  new  elements  in  spaces  which  are  about  to  oe  filled 
up  cannot  fail  tu  render  such  an  explanation  of  their  origin 
probable.  The  peripheral  ramifications  of  the  connective 
tissue  appear  to  be  everywhere  closely  connected  with  the  inner 
aurface  of  the  epidermis,  a  system  of  connective-tissue  corpuscles 
lying  scattered  over  the  latter,  while  mnny  proceoscs  appear  to 
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be  direotlj'  affixed  to  tho  epidermal  cells  themBplvw.  On  the 
forrantiun  uf  a  blank  9]}nce  or  hiataa  in  the  epidermis^  one  or 
more  connect! vc-tisauc  cnr|msclca,  according  to  the  size  of  the 
area  to  be  lilted  up,  are  drawn  into  it.  The  connectirc^tisfuc 
demeats  at  Snt  form  an  open  reticular  tiasuCj  which,  as  the 
nuclei  enlarge  and  the  processes  diminish,  is  gradually  ronvprt^ 
inlo  a  coherent  patch  of  new  celU  intercalated  among  the  older 
epidermal  elements,  and  occupying  a  space  originall}'  formed  by 
the  degeneralion  and  n*mi>val  of  om;  wll.  If  tfits  interpretation 
of  the  phenomena  be  correct,  one  main  function  of  the  granule 
cella  under  ordinary  circumstances  is  mechanicaU;  to  eula^  the 
area  of  the  inner  laver  of  the  epidermis. 

Obacrrations  dio  not  decide  how  the  outer  epidermal  layer 
accommodates  itself  to  the  increased  area  of  the  inoer  one.  Tlie 
occurrence  of  any  gencml  lU-sijiiamatioii  was  never  observed,  and 
there  were  no  appearaiicea  of  the  addition  of  new  element!!  from 
beneath.  From  the  extreme  vsriatiorui  iu  the  form  and  size  of 
the  cells  of  the  outer  layer  it  seems  not  improbable  that  a  good 
deal  of  the  accommodation  is  accomplished  by  meaua  of  mere 
etieiifion  and  flattening  of  the  constituent  cells. 

It  is  evident  that  the  granule  cells  may  also  play  an  impor 
taut  part  during  the  re«}rption  and  disappearance  of  the  fin,  for 
if  developed  in  Targe  nnmbeni  without  cquivak'nt  addition  of  new 
Hemenls  from  the  deeper  tissues,  tliey  must  tend  to  the  ultimate 
removal  of  the  dceii  layer  of  epidennis.  This,  however,  is  a 
fubject  not  calling  for  discussion  on  the  present  occasion.  The 
important  poiuts  to  recollect  here  are,  that  wlieu  developed  iu 
due  proportion,  the  granule  cells  provide  for  the  growth  of  the 
tiitne  in  which  they  occur,  and  that  in  such  proportion  their 
development  is  strictly  physiological  for  the  orgajiism,  although 
pathological  for  the  individual  cells. 

The  remaining  structures  in  the  tail  of  the  larva;  call  For  Itttle 
detailed  notice,  as  their  characters  are  familiar  to  all  phyiio- 
lo^cal  observers.  The  branched  amceboid  cells  beneath  tho 
epidermis  arc  very  incon?iricuoU8  during  the  life  of  the  animal, 
and  may  readily  escape  notice  unless  carefully  looked  for  {vide 
fig.  5,  a). 

The  connect ive-tipsue  elements  present  no  special  peculiarities. 
The  Taacnlar  loops  arc  full,  and  the  current  of  hlood  is  strong 
isd  rapid.  Many  of  the  bluf  id -corpuscles  are  cbaracterised  by 
containing  two  or  three  minute  shining  oil  granules. 

Thi*  brief  account  of  the  normnl  onutomy  of  the  tissues  may 
Arve  to  render  an  account  of  tlie  phenomena  associated  with 
deprivation  of  nutritire  material  inUilligible.  The  folluwing 
description  istAken  from  the  notes  recorded  during  the  examina- 
tion of  a  tadpole  which  had  been  for  a  fortnight  in  distilled 
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watpT : — "  Thf  liTTi  is  very  feeble  arni  tends  lo  torn  over  on  iU 
back  when  at  rest.     The  tbin  portions  of  tba  tail  to  the  naked 


Fio.  K.— Anirrboid  octls.    A  &  B  X  1000,  C  x  ISO.    A.  HokUlij  c«U. 
B.  Forlioa  of  >  aiurtd  cell.    C.  Sumd  oella. 

ejre  appear  of  r  whitish  colour  in  place  of  prcscDting  the  trans- 

fiftrcnt  expect  normal  to  them,  and  when  examined  vith  a  simple 
fiu  are  found  to  be  covered  with  miiuinitrable  wliite  points. 
Under  higlier  powers  thene  points  arc  resolved  into  ffranule  ctlbi  in 
rariouA  stages  of  derclDpsaent.  ]>arge  numbers  of  fuilj-matun'.d 
fjjranulccetls  are  everywhere  pruneut,  and  the  number  of  partiallj 
developed  ones  is  verj  great.  Some  of  the  latter  arc  merclj  begiu- 
uing  to  be  diBtiuuuiithed  from  tbe  surroandiog  epidermal  cells  bj 
their  shining  yetlowisb  appearance,  while  others  present  Tarioos 
degirees  of  zranular  accumulation.  The  tissue  of  the  deep 
layer  of  cpicierniis  appears,  as  it  were,  opened  out,  the  coiwti- 
tuent  cella  nut  being  in  tsuch  close  contact  with  one  another  ?n 
thev  noniially  are.  Empty  granule-cell  ?[)acea  abound,  and  here 
and  there  large  areas  occur  in  which  the  deeper  epidermal  tissue 
is  either  entirely  absent,  or  replaced  bf  loose  reticular  tissue  con- 
Biating  of  nuclear  elementa  connected  together  by  slender  pro- 
ceases  (firf^f  fig.  0). 

"Granule  cells  sometimes  occur,  as  it  were,  suspended  in  the 
midat  of  such  reticular  areas.  The  outer  layer  of  epidermis 
apiicars  tittle  afTectvd.  There  is  no  opening  out  of  ita  texture, 
no  hiatuses  occur  in  it,  the  cells  arc  cverywhorc  closely  in  contact 
vith  one  another,  and  the  only  abnormal  appearances  arc  pre- 
aented  by  the  nuclei,  which  in  many  cases  arc  broken  up  into  a 
collection  of  large  shining  granules.  The  branched  sub-epider- 
mal cells  are  greatly  altered.  They  have  lost  their  normal  soft 
dim  refraction  and  have  become  very  conspicuous,  appearing  to 
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Dumeroos  refractive  gr&nule«  (fig.  5,  B  ft  c).  The  conncctivc- 
tittue  eorpuaclcs  apiMar  empty  and  shrutikcii,  and  together  with 
their  connecting  fiJunents  are  in  some  cases  studded  with  liright 
granules.  The  amonnt  of  blood  in  the  veasela  ia  very  small,  the 
cuirent  is  very  feeble,  and  the  corpuscles  appear  to  escape  from 
the  vessels  with  abnormal  readiness.  Many  vascular  loops 
remain  entirely  empty  for  considerable  periods  at  a  time,  and  ia 
otben  iaokted  corpuscles  slowly  follow  one  another  at  wide 
iotemds.  Almost  all  tlic  corpuscles  are  stodded  with  Urge 
granules  and  globules  of  oil,  ana  many  of  them  are  quite  bleached 
and  colourless.  Some  in  process  of  distintcgration  can  only  br 
recognised  by  means  of  the  characteristic  arrangement  of  the  oil 
globnlea  which  they  contain,  and  free  oil  globnlea  afford  evidence 
of  the  complete  dt^truction  of  other*.  Alcoliul  and  ether  pro- 
duced iheir  ordinary  effects  on  the  granule  cells,  and  prolonged 
apphcatioD  of  the  same  reagent;*  showed  that  the  yellow  matter 
SJid  granules  with  which  the  sub-fpidirmal  cells  were  UUed  was 
also  of  an  oily  nature.  The  granules  first  vanifihcd,  and  the 
contents  of  the  cclb  then  gradually  escaped  ft<i  l^fl  yellow 
globules,  which  gradually  dissolved  and  disappeared.  The  coaree 
gruulea  in  the  nuclei  of  the  outer  layer  of  epidermis  seemed  tu 
Be  little,  if  at  all,  affected  by  the  reagents." 

Numerous  careful  examinations  of  specimens  in  all  stages  of 
aturation  afforded  results  substantially  lu  accordance  with  those 
just  recorded,  variations  in  degree  of  change  being  naturally 
present  in  accordance  with  the  varying  periods  of  starvation. 
The  phenomenon  which  presented  itself  most  con!tptcuou!>ly 
and  frequently  at  fintt  nas  an  increase  in  the  nnmbi-r  of  the 
grumle  c«lls.  This  increase  cannot  be  a-icribed  to  mere  accumn- 
latioD  of  the  cells  formed  in  normal  proportion,  but  failing  to 
luulergo  complete  transformaLion,  (or — 1st,  the  inciease  occurs 
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vithflut  »ny  eTidrncr  of  any  rqaivalent  increase  in  pnrstiitcnce 
of  the  u-lls.  blank  spaces  b<-itig  )ire»ent  in  )Dcrem»«d  rather  thaa 
diminished  quantity;  Siid,  ihe  mcre»e  in  namber  of  gnnule 
cells  18  often  extremely  marluHl  whrn  llierc  hw  been  a  very  con- 
siderable destruction  of  the  epidermal  tissue  over  wide  arena.  In 
proportion  to  the  period  uf  stuvalion  there  is  a  steady  increase 
ID  the  number  of  blanks  in  the  deeper  layer  of  epidermis  and  of 
ueaa  ocenpicd  by  reticnlar  tjssne.  This  tissue,  which  in  areas 
formed  early  in  the  course  of  starvation,  is  com|Miratively  close 
and  approaches  new  epithehal  tissue  more  or  less  nearly  in  its 
characters,  alters  in  DFitare  in  the  later  stages.  The  nuclear 
bodies  arc  then  small  :ind  far  apart,  and  the  connecting  procesfea 
proportionately  lengthened.  Ultituately,  in  the  last  stages  of 
inanitiorij  the  tinstie  in  many  places  fails  to  he  developed  at  all, 
and  large  blank  spaces  are  leflj  in  which  the  internal  tissaes  are 
only  covercil  by  ilic  outer  epidermal  layer. 

The  incrca-icd  formnlion  of  granule  a'lts  is  soon  and  constantly 
accompanied  by  changes  in  the  blood  supply.  The  amount  of 
blood  becomes  visibly  diminisht-d,  and  the  blood  current  Bows 
with  diminished  rapidity.  The  oil  granules  in  the  corpuscles 
increase  in  size  and  numhprs,  so  as  to  present  thcrasclvcs  very 
conspicuously  even  to  low-power  obserraCions.  The  destruction 
of  the  corpuflcles,  huwever,  goes  on  very  gradually  until  a  late 
stage  of  starvation,  at  which  it  appears  to  assume  a  more  active 
course.  The  colouring  matter  escape's  from  the  ctirpucclen,  and 
the  latter  utiimattly  break  up,  selling  their  contained  oil  gluhuk'S 
free  in  the  scrum  (vid<t  fig.  1). 


Fio.  7.— Slate  of  tlic  blood^eorpujicles  id  advanecd  slarvalion.    x  1000, 

Sompwhat  less  constant  than  either  of  the  above- described 
phenomena,  but  yet  of  very  frequent  occurrence,  is  a  fatty 
change  in  the  ramified  sab -epidermal,  atnteboid  cells.  Tlivy 
increjisc  greatly  in  size,  and  appear  to  become  dietendcd  wiih 
yellow  mtitter  and  uumtrous  granules.  These  changes  are  ao 
conspicuous  in  many  eases  as  to  render  the  cells  one  of  the 
most  striking  features  in  the  starved  tissnes.  The  contents  of 
the  cells  are  dissoLved  out  by  ether,  leaving  mere  shrunken 
skeletons  behind. 

No  such  conspicuous  changes  affect  the  connective-tisitiie 
elements  even  in  very  advanced  stages  of  starvation.  'Hie  nuclei 
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lose  tbeir  ptainp,  sluuing  aspect,  und  numerous  fat  granules 
frequeiulv  present  themselves,  both  iu  tlivia  aud  in  tlie  con- 
Deciiag  processes,  but  do  great  accumulatiuu  of  fattj  mslLer  or 
diaLructiTe  cliaogi.'  Becin.s  to  occur. 

Tile  principal  eir«xt.  of  defective  nutritive  suppljr  on  the  Iibdum 
in  UuM  experiments^  is  in  tbose  in  regard  to  vegetable  tissues^ 
ssemed  to  lie  in  a  fatty  cbaiige.  This  cbacge  or  degeneration 
ipeciallj  affected  epithelial  elements  coDtaining  a  Urge  proportion 
of  Uriug  material,  aiid  the  blouU  cells.  The  destructive  cliauges 
in  the  blood  cells  must  be  regarded  as  a  direct  oti'cot  of  defective 
nutrition,  but  it  is  noteasj  to  detenniue  liow  for  the  changes  in 
the  epithctial  tissues  arc  to  be  ascribed  to  this  aad  how  far  to 
defective  oxidation  and  couse^ucnt  accumulaliuti  dependent  on 
the  changes  in  the  bloud.  The  penistence  ofilic  outer  epidermal 
layer  is  vriy  remarkable,  and  ia  probably  to  be  ascribed  to  the 
extent  to  which  it  is  composed  of  formed,  more  or  less  cuticu- 
lansed  material. 

The  normal  aoAtomy  of  the  intestinal  cannl  and  the  changes 
occurring  in  it  during  starvation  remain  now  to  be  described. 
The  intestmal  canal  of  the  larvie  is  uf  audi  simjile  structure  and 
such  transparent  texture  as  greatly  to  facilitate  the  determination 
of  these.  All  ibe  structures  can  be  readily  subjected  to  ubser- 
Tatiun  without  disturbing  their  normal  relations,  or  interfering 
viih  the  intestine  in  any  way  beyond  ri^moving  it  from  the  body 
of  the  anUnai.  In  normal  healtby  EpceijnL-us  the  spiral  coil  of 
the  intestine  appears  conspicuous  exlerutilly,  shining  ilirough  the 
transparent  andominal  walls.  It  consists  of  three  coat«,  the 
external  of  which  is  muscular,  the  internal  epithelial,  and  the 
intermediate  une  composed  of  reticuklc  adenoid  tissue  {vid* 
fig.  8). 


Vic  8.— 'Nonnal  straoiure  of  Utr  ooate  of  the  iittestioe.     y  180. 

The  muscular  coat  consists  of  the  two  layers  of  fibres,  those  in 
the  outer  lajer  running  panillfl  to  the  lengthof  the  canal,  those  in 
the  inner  transversely  arranged.  The  epitlieiial  coat  is  composed 
of  large  cylindrical  cells.  These  call  for  no  special  note,  as  they 
oUwely  resemble  those  occurring  in  the  intestines  of  other  animals. 
Their  contents  conniat  of  soft,  clonded  protoplasm  with  a  frw 
scattered  granules,  and  their  only  peculiarity  liea  in  the  fact  that 
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their  innpT  Free  ntremitiea  do  not  presrttt  saeh  >  diiUnctI] 
dffln^d  border  as  that  appurfnt  in  miny  inli>«tiaal  epitlielta,  Th( 
reticular  laver  between  (be  other  coats  la  formed  of  k  network 
fine  fiUmerits,  the  meshes  of  which  are  occupied  hj  free  oaolear 
bodies.  Ik  is  renr  thin,  and  under  DomuU  circa matancc*  u 
very  incoDspicuous,  Ijiog,  u  it  were,  conipreesed  between  thj 
other  two  coats.  When  the  latter,  however,  are  aeparatnl  fr 
one  another  bjr  prMsure,  or  bjr  means  of  reagents  which 
the  inner  one  to  contract,  the  ineahea  of  the  reticalar  tiaaiie  are 
stretched  and  open  out,  showing  that  in  manjr  places  aeversl 
ntrata  of  rrticula  are  pnvirnt.  In  some  plares,  on  the  other 
hand,  there  appears  to  be  onlv  a  itingle  la^er,  the  bands  nf  tissue 
seeming  to  pass  direct  from  the  inner  surface  of  the  muscular 
coat  to  the  outer  surface  of  the  epithelial  one.  Fig.  S  repre- 
sents a  specimen  in  which  several  strata  of  reticuli  and  nuclei 
arc  present.  The  nuclei  are  piump  and  ahining,  and  after  treat- 
ment with  alcohol  appear  f^odly  moteciilar. 

The  appearances  presented  by  the  intestinal  canal  of  a  larva 
in  the  last  stage  of  stjirvation  were  the  following : — "  The  intes- 
tine cannot  he  detected  from  the  exterior  of  the  abdomen,  and 
on  its  removal  from  the  body  it  is  seen  to  be  very  etender  and 
short.  The  caual  is  quite  empty  throughout  almost  its  entire 
length,  but  here  and  there  an  isolated  brownish -yellow  granular 
mass  is  present.  The  epithelial  coat  is  everywhere  entirely 
wanting.  The  reticula  of  the  adenoid  coat  appear  not  to  hawii 
been  in  any  way  alfectcd,  but  the  nuolesr  elements  present  moal''^ 
abnormal  appearances.  In  place  of  being  quite  colourlms  and 
smooth,  they  ore  rendered  extremely  conspicuous  by  being  of 
various  shades  of  yellow  and  brown,  due  to  the  presence  o{ 
accumulations  of  granular  matter  within  them.  In  some  places 
comparatively  few  nuclei  are  pre^ient,  and  the  reticula  are  cmptj 
or  contain  collections  of  free  granules.  The  changt'S  in  the 
adenoid  tissue  arc  most  marked  in  tlio  upper  portion  uf  th>s 
intestinal  canal,  and  in  the  large  intestine  a  large  number  of 
unaltered  nuclei  are  still  present.  On  treating  the  S|)ecimeD 
with  alcohol  aud  ether,  active  swarming  of  the  granules  io  the 
reticular  meshes  and  in  the  nuclei  occurred  ;  and  on  continuing 
the  application  of  ether,  many  of  the  nuclei  and  nuclear  masses 
were  entirely  brokfii  up,  all  the  yellow  mailer  being  dissolved 
and  diHappearing,  while  an  abundance  of  deep  brown  pigment 
granules  remained  behind.  Many  of  the  pigment  granules  lay 
loose  in  the  reticular  spaces,  but  others  were  coiitnined  within 
nuclei,  or  formed  dense  aggregations  corresponding  apparently 
with  nuclei  which  the?  had  replaced.  The  yellow  granular 
matter  was  also  dissolved  out  from  the  masses  of  iotostinal  cod- 
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tents,  Kod  the  oil  thus  eitrnctfd  was  auhscqrirntly  precipitated 
in  the  foroi  of  abuiidxnt  oil  globules  and  cr^ntais." 

'Vhe  pheoomeaa  preaeated  iQ  tbiii  oatc  were  not  peculiar  to  it, 
but  may  be  tak«n  u  fairfj  typical  of  tbe  inteatinnl  canal  in 
adrAnc«d  AagtM  of  starvatioQ.  Thij  fthow  the  ultimati:  etfcct« 
of  »larvaiioQ  to  cuusisl  io  geoeral  atruphy  of  tb«  iiit^otine,  ctitirs 
rcmuvat  of  the  epithelial  coai,  aud  exccusivij  digcru- ration  and 
deitjnction  of  the  nuclei  of  the  adenoid  tissue.  Tho  decree  of 
general  atrophy  may  be  estimated  from  the  fact  that,  wbile  iq 
the  bealLby  tadpoles  which  were  examined  the  average  letigtb  of 
the  intestine  from  the  liver  to  the  coinmeneeinont  of  the  larfi;« 
ititesliue  was  1-36  inch,  and  its  average  breaidth  0-018,  in  the 
•tarred  specimens  tbe  corresponding  averages  were  only  0*57 
BudOOU  inch. 

The  absence  of  rpithclium  appears  to  he.  invarinWe  in  cases  of 
•dfauced  starvation,  aud  iu  them  the  destructive  change  baa 
generally  been  so  complete  as  to  leave  no  evidences  capable  of 
explaining  by  what  proceases  it  baa  been  efTecl^d.  Careftil 
obBerraCiona  on  aprcimen!)  in  earlier  stages  of  starvation,  how. 
efer,  <deuly  delermmed  that  ibcy  eHentially  consist  in  a  fatty 
InoBfbnDation  of  the  cunteuta  of  thu  oelle,  rotlowi;d  by  gradual 
atrophy  and  disappearance  of  the  tisene  which  they  compose. 
Even  after  very  bnoi  prriods  of  deficient  nutritioo  changes 
begin  to  manifiwt  themselves  in  the  cells.  The  proceaae-s  of 
eliange  do  not,  bowevrj,  affect  the  entire  extent  of  the  epithelial 
surface  simuitaueou.ily.  They  brat  declare  themselves  over  aa 
■na.  extending  from  a  point  at  some  distance  from  the  upper 
estranity  of  the  small  inicatiufl  to  another  towards  its  lower 
extremity.  From  this  area  the  changes  aprend  gradually  both 
upwards  and  downwards  ;  but,  until  ttie  cpitheliuiu  hew  entirely 
disappeared,  differences  in  the  degree  of  change  can  be  distinctly 
tnced  in  various  regions,  and  the  area  jirimarily  allccli'd  is  often 
entindy  dejiuded  at  a  time  when  the  terminaj  portions  of  tbe 
Bmall  tnte-stine  and  tbe  whole  of  the  large  oue  show  a  cuusidur- 
able  amount  of  recngnisable  epilhelium. 

The  lirst  sign  of  change  is  shown  by  tbe  Cfll.*  acquiring  a 
yellow  tint  towardis  their  free  extremities.  This  tint  soon 
becomca  very  marked,  and  forms  a  dtBlincl  coloured  band  along 
tbe  margin  of  tbe  epithelial  coat  when  viewed  scctionalty.  The 
colouring  is  doe  to  tbe  accumulation  of  a  thick  graimlar  matter 
within  the  celU,  which  is  first  deposited  immediately  around  the 
OQcleus,  and  gradually  spreads  thence  ibrouglioul  the  cell,  it 
cottsists  of  faV,  which  can  be  dissolved  out  by  treatment  with 
alcohol  and  ether.  With  regard  to  the  precise  nature  of  the 
uroceaa  by  means  of  which  tbe  altered  cells  are  Hually  removed, 
I  am  unable  to  give  any  definite  opinion.     During  tbe  advance 
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of  the  traQBforination  over  ao  area  of  epithelium  the  thiduien  of 
the  layer  of  cells  textms  gradualty  to  diiDHiuh  until,  jnsl  brfoni 
the  complete  disappearaiice  of  the  ooat,  it  is  represented  bj  a 
men  Darroir  grtinular,  yclluw  band  on  the  surface  of  the  ntictdar 
ttasue;  but  wlicther  the  indiridual  cclU  are  gradually  atrophied 
and  consumed  away,  or  whether  the  phenomena  are  due  to  the 
process  Rnt  affeetiug  the  largest,  fully  developed  cells,  aod,  »ub- 
st(|uenl  to  their  destructiou,  Uivading  younger  less  dereloprd 
structures,  I  was  uoable  to  determine.  WhateYer  the  precise 
nature  of  the  process  may  be  its  ultimate  eifect  is  undoubtedly 
an  entire  dentruction  of  the  epithelium  {vide  6g.  9). 


IS  9. — Coats  of  the  intesttne  in  adnmeed  starration,  shoirut;  eenpleta 
absenoe  of  epithelium.     X  ISO. 

The  debris  of  the  destroyed  iiiiBue  appears  jn  great  part  to 
eater  the  cavity  of  the  gut,  and  pasi^es  on  to  form  an  important 
constituent  in  the  evacuations  which  c<mtitiuc  to  be  passed  in 
perceptible  amount  up  to  the  later  stages  of  starvation.  Careful 
examinations  were,  on  several  occa.-nnn$,  made  of  these  excreta. 
Tlioy  consisted,  in  great  part,  of  amorphous  particles,  probablj 
derived  from  dust  which  had  entered  the  fluid,  but  they  always 
coutaiued  considerable  quantities  of  .'■oluble  oily  matter.  Tne 
infusoria,  too,  which  are  almost  invariably  present  in  the  lutes- 
tinal  canala  of  the  larva;,  were  generally  full  of  oil  globules  and 
granules  in  cases  where  their  host  had  been  starved. 

The  changes  in  the  nuclear  elements  of  the  reticular  tissue 
arc  always  extremely  marked.  As  in  the  degeneration  of  the 
epithelium,  the  process  of  cimngr  does  not  appear  to  occuc 
simultaneously  over  the  entire  rxtent  of  the  intestine,  and  as  it 
does  not  go  ua  to  compli-tc  di'slructiun  and  ri'moval  of  the  tissue, 
dilTcrcnces  in  the  digree  of  all'LcLiou  in  diiTurcnt  portions  of  the 
intestinal  surface  are  evident,  even  in  the  last  stages  of  starvation. 
lu  this  coat  the  changes  seem  to  occur  fir£t,  and  to  attain  their 
highest  de\-elopment  in  the  upper  portion  of  the  canal,  while  in 
other  parts,  in  proportion  to  their  distance  from  this  portion,  they 
appear  later  and  arc  less  complete.  The  earliest  symptom  of 
change  hi^n^  also  is  a  change  in  th<:  colour  of  the  afTcrtcd  sLruc 
tures.  The  nuclei,  in  place  of  presenting  their  norma!  soft. 
Colourless  appearance  (vide  fig.  lOJ,  assume  a  ydlow  colour, 
and  become  distended  with  a  thick  yeElow  materia).  This 
material  in  some  caaes  is  distinctly  graTmlar,  but  in  others  it 
appears  rather  at  though  it  were  a  thick  lluid.    As  the  change 
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oostinues,  the  nucleas  appears  to  bDcome  conrericd  into  a  mere 
•l^regation  of  this  ^ub^tance ;  and,  jud^jing  from  the  pree«nce  of 


Tig.  10. — Hcalthj  nuclei  of  the  ulcnoid  ti&sne.     x  1000. 

free  gnoules  and  masses  of  it  in  the  meafaes  of  the  tiseue,  the 
proceas  aeenu  id  many  cases  to  ead  hy  the  breaking  up  of  the 
ntes.  The  material,  like  that  in  the  HlLert;d  epithelium,  can  be 
iradilj  det«rinined  to  be  of  an  oily  nature. 

In  the  earlier  atages  of  etarvation  such  material  alone  is 
deposited  in  the  nuclei  j  but  in  the  Intpr  eln^a  of  the  nruce.>*8  it 
is  apparently  invariably  associated  with  more  or  less  pigtncntnry 
deporit-  The  amount  of  pigmt-nt  varies  ffteatly  in  diifcrent 
ease»,  in  some  being  comparatively  HCanty,  in  others  so  exces- 
sive as  to  form  the  moat  conspicuous  feature  in  the  tisane,  and 
{[really  to  obscure  the  falty  deposit  with  which  it  is  associated 
{pideSg.  U). 


JTie.  11. — AppeuancM  of  t.be  nuclei  of  tlic  adenoid  tissiie  in  a  can  of 
advuiced  atarvatiun.     x  1000. 

Ita  distribution  over  the  tDtrstinal  surface  is  similar  to  that  of 
tlie  falty  deposit,  tbe  upper  porliou  of  the  small  intestine  being 
the  most  constant  ait«  of  ita  extensive  occurrence.  In  some 
casea  the  nuclei  api>car  to  be  reduced  lo  mere  masses  of  pig- 
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inent  graaules,  and  aamcraus   free   granules   Uc   loose  to  ilie 
meshes  of  the  tiisue. 
The  extensive  deposit  of  pigment  is  probsblr  doe  to  the  great 

destruction  of  blood •coqiuscles  accoinpaDying  starratioo.  The 
time  of  ltd  appearsnce  roincides  with  that  prrHid  of  stsrvation  in 
which  diatioct  evidences  of  coDsidi^rablt;  destruction  in  the  blood 
present  themselves ;  and  observattou  seemed  even  to  indicate  a 
certain  amount  of  correspondence  between  the  degree  of  blood- 
destruction  aud  of  pigmentation  in  individual  cases. 

Starvation  aSso  produced  most  marked  effects  on  the  liver. 
The  size  of  the  organ  is  grcntly  diminished ;  it  assumre  a  dark 
brown  colour  in  place  of  .the  pitikitth-jrellov  tint  nonnal  to  it ; 
and  its  substance  appears  granular.  When  examined  micro- 
Bcopicalljr  it  is  found  to  be  bloodlcfs,  and  its  substauce  reduced 
to  a  mere  amorphoas  mass  of  dark  vellow  and  brovn  oil 
granules,  with  a  sprinkling  of  bright  red  concretions  scattered 
tUroQgh  it  in  some  cases.  The  gall-bladder  is  itivariablj  full, 
and  very  frequently  is  greatly  dbteaded,  Tliecuut«itiL-d  fluid,  in. 
place  of  being  almost  coloiufeas,  as  it  ought  to  be,  is  green.  The 
depth  of  the  colour  vark-s  conaidcraUv,  but  in  some  case*  ia  so 
intense  as  to  cause  llie  gull-bladder  to  appear  as  a  deep  emeiald- 
green  bodj,  which  shines  prominently  through  Uic  abdomiii 
walls.  The  galUbladdcr,  in  an;  case,  osuaJlji-  contains  so: 
fatty  concretionary  matter;  hut  in  starved  cases  this  is  presenl 
in  excessive  quantity,  and  is  frequently  of  a  deep  green  colour. 

In  the  case  of  the  intestine,  as  in  that  of  the  tail  of  the  larvw, 
tlie  ultimate  effect  of  slarvatiuu  consisted  iu  a  doslructiou  of 
tissue  associated  with  fatty  change  and  subseijuent  disintcgnitioo 
of  the  component  elements.  The  principal  difference  between 
the  two  cases  waa  one  of  degree  rather  than  of  kind,  the  amount 
of  destruction  in  the  intestinal  tiasuu  being  much  greater  than 
that  in  the  tail.  In  both  eases  the  descructive  changes  were 
specially  mauifest  in  active  epitbellal  elements,  that  is,  in 
stiuctures  in  which  the  living  protoplasm  bore  a  high  proportion 
to  the  amount  of  formed  material.  The  occurrence  of  fatty 
change  in  the  free  9uh-epidermal  cells  finds  a  parallel  in  that 
presenting  itself  in  the  nuclear  elements  of  the  adenoid  Ussae  of 
the  iuteatine,  and  in  both  cases  the  en nncctive -tissue  struciurea 
were  httle  affected  and  remaitied  persistent  after  tlic  occurrence  of 
extensive  dcstructioti  in  other  parts,  The  phenomena  in  both 
oaaw,  and  specially  those  occurring  in  the  intestinal  oano),  tlmw 
conclusively  that  during  the  course  of  starvation  the  changes  are 
not  limited  to  mere  atrophy,  but  thst  in  some  tissues  extensive 
dealructioD  of  the  component  elementt>  occurs,  rendering  the 
latter  incapable  of  recovery  on  the  subseQueut  addition  of  nutri. 
tive  supply.     So  long  as  any  living  material  remaioa  within  the 
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Fft(fect«d  elemfnta  Ihp  [Kwnibility  of  rrcovery  remoma ;  but  wlira 
thfjr  have  absolutely  broken  up,  or  vhtrc.  thev  »re  coiiverttd 
into  mere  aggregstious  of  (kmd  matterj  it  is  clear  that  restoration 
of  the  ttasue  of  which  thej  form  a  constituent  can  onljr  be 
effrctcd  by  the  formation  of  neir  rlement*. 

It  is  also  clenr  that  the  ainouut  uf  trantfurriialioii  of  tissue 
takirtg  place  in  the  organiFni  is  not  of  necessity  dircctlv  iudicatrd 
by  the  mere  chfrnirail  drtermiuBtinn  of  thi;  amount  anf)  nature  of 
the  materiaU  leaving  the  body  in  the  varioos  cxcrctionc,  for  the 
[irodacta  of  transformation  need  not  uec«asarily  pasa  off,  but 
may  accumulate  in  lar^  qoaDtities^  as  in  the  case  uf  the  pig- 
mentary and  fatty  deposita  oocarring  in  the  inteatinal  tissue  aa 
recorded  above. 

The  expenmenta  vhtcb  were  conducted  with  larvK  of  liana 
tifffina  showed  that  in  thrive  also  the  deatrncttre  effects  of 
•tarvation  were  specially  centred  on  the  iotestinHl  canal,  and  that 

tlhe  changes  in  the  tiaeues  of  the  mocous  membrane  were  enen* 

'  tiafly  similar  to  those  just  described. 

In  so  far  a«  the  present  experiments  afford  any  information  on 
the  Bubject  the  changes  effected  by  stajvalion  in  animal  and 
vegetable  tissue?  are  fundamentnlty  the  same,  and  the  vnnntions 
preaeDt^^  by  the  phmnmr-na  stLonding  thn  prncess  in  indivii^ual 
cues  are  mainly  dependent  on  variations  in  the  amount  and 
character  of  the  formed  material  present.  Where  thie  is  auiall 
the  effects  of  destruction  and  removnl  of  the  protoplasmic  eon- 
atitnents  are  rendeivd  rapidly  conspicuous,  but  where  it  is 
'prment  in  large  amount  and  la  of  a  resistant  nature  the  occur* 
rmce  of  change  is  to  a  great  extent  masked,  and  large  portions 
of  tiMue  which,  in  so  far  «■  active  function  is  conivrned,  have 
m  great  measure  ceased  to  serve  any  purpose  iu  the  organism, 
tpajt  to  oatward  appcarauccj  rcinain  almost  unufTected. 


III. — TK^  Conclvntm*  drawn  fnitt  a  eompariMit  of  the  data 
aefuirtdfrom  Me  AMtopgtet  0/ periout  vkv  have  iOed  tUrvugh 
vanl  wih  Uote  obtained  by  Experimmt. 

After  a  detailed  description  of  the  post-mortem  lesions  oh- 
•erved  by  the  author  in  the  celief  camp*  of  the  famine  districts 
i>f  Madras,  which  went  to  show  that  the  general  result  of  the 
colirB  wfiea  of  observations  was  that  the  disease  conditiona 
■adw  investigation  were  specially  charactcriBi>d  by  extreme 
wenerai  annmia  and  destructive  proa^t<sra  affectiiig  the  mucous 
membrane  of  the  intestinal  canal,  the  report  is  brought  to  a 
oondusina  as  fotlows: — We  have  uuw  to  consider  what  the 
l^ienomiena  observed  in  the  post-mortem  examinatiooB  of  caaea 
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of  hminc-diarrhrei  and  djsenUry  indicate  in  irgatA  to  t(te 
CMcntial  nnture  and  origin  uf  the  disease  |>ruci'»scs  proxtmatclj 
caustag  deatli.  Tbe  prominent  ajmptoms  obaefved  daring  life 
are  tbuse  of  diarrbiea  and  djveuterjr ;  wv  must  altempt  to  sscet* 
tain  whether  and  how  far  the  thMMses  merit  the  titles  (u  "  faminfr- 
diarrhu:*"  and  "  famiue-dyseut#rjr."  Any  forma  of  diaeaae 
ticcurriutf  dujtiig  petiuds  uf  fauiiae  maji  in  a  8eu»e,  be  tenued 
fainiue-discasea  i  coiiditioiu  of  scnrcit/  and  distress  tntist^  no 
doubt,  more  or  less  favoor  tlie  prerakuce  of  all  diseases. 
Cbukra  and  smallpox,  for  eKample,  probably  find  in  tbe  famine- 
stricken  a  most  favorable  field,  but  tkierc  is  no  evidence  to  prove 
that  famine  alone  can  uroducc  either  the  one  or  tbe  other.  In 
other  words,  these  ana  other  diseases  arc  not  directly  due  to 
famine,  but  they  may  and  probably  do  become  much  more  pre- 
valent in  consequence  of  famine  than  they  otherwise  would  hare 
been.  Bat  is  there  evidence  to  nhow  that  the  so-called  "famiii*- 
diarrbcea"  and  "  famine-dyseatery"  possess  characters,  either 
itv  their  sym]itums  or  in  their  pathological  appearanccn,  suHicieat 
to  distinguish  them  as  tbe  results  of  insulBcieiit  nutrition? 
Does  the  cvidcuce  regunliug  thein  justify  us  in  believing  Ibat 
special  forms  of  iuteslinal  disease  prevail  during  periods  of 
scarcity,  eBseotialiy  dependent  on  the  etTects  of  insulfioient 
nutritive  supply?  It  appears  to  me  that  it  does.  Subjects  of 
famine  are  of  course  exposed  to  the  oidinarv  exdtiog  causes  of 
diarrhcBS  and  dysentery,  and  may  probably  be  siiedally  suscep- 
tible to  their  influ<'ncc;  but  tbe  pattiological  phenomena  cliaroc 
terisinj^  mauy  cases  of  such  disi'ase  in  them  appear  to  indicate 
very  distinctly  that  the  predisposing  cua&c  is  starvation,  and  that 
tbe  symptoms  are  fundamentally  due  to  destructive  changes  in 
tbe  mucous  meiubraut:  of  the  digestive  canal  induced  by  imper- 
fect nutrition. 

On  comparing  the  results  of  the  autopsies  in  cases  of  these 
diseases  with  those  obtained  b^  experiment,  it  appears  clear  tlmt 
tbe  changes  effected  by  defective  uulritivc  eu|>ply  in  the  human 
subject  are  closely  analogous  to  those  occurring  in  the  amphibian 
larvie.  In  both  ca-tes  a  fatty  change  and  subsequent  disappear* 
ance  of  tissue  elements  uccur ;  and  in  bath  this  change  ia 
specially  pronounced  in  the  tissues  of  ihe  intestinal  apparatus. 
The  phenomena  observed  in  tbe  human  subject  show  as  distinctly 
aa  those  in  the  amphibian  Larvae  that  tbe  etfects  of  famine  on  tho 
tissues  are  to  produce  an  actual  destruction  of  tisxue,  and  not 
a  mere  atrophic  diminution  of  bulk,  as  aflirmed  by  IJaucr.  The 
great  diminution  in  the  mass  of  the  blood,  whicli  forms  such  a 
conspicuous  phenomenon  in  starvation,  would  uf  itself  seem  to 
indicate  that  deatruction  of  tissue  elements  occurs,  unless  it  bs 
demonstrated  that  the  auemia  is  merely  relative  and  solely  due 
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diminntlon  of  the  fluid  conHtitnfnts  of  the  blood ;  bat  the 

ibcDOOieDB  occurrinp  in  the  intestinal  canal  appear  to  be  quite 

Idecisive.     Without  the  (■xi»criiiH'iital  data  it  might  have  remained 

'ft  more  open  question  whether  the  conditions   tn  the   humnn 

jffubjcct  trert  uot  rather  9CcoadftT7  pheiiouit-na,  dependent  on  the 

ffctal  dinrrhma  and   dj-jientery,  or   due  to   some   occuU   cause 

[inducing  the  latter;  but  when  tnkcn  along  irith  the  phenomena 

|af  uiiconipIicat«d  «tarvation  in  the  Iftrvm  they  apprar  unequivo- 

alljr  tracenble  to   the   itiltueuce  of  defective    nulritioa.     The 

clinical  experieiiee  ohLained  in  the  conduct  of  n-lief  ramps  nl.to 

'ftffurda   most  conclusive  evidence  on  the  qnestion.     Itad  all  the 

'  tJMues  retained  (heir  integritj  and  capability  of  perfurming  their 

proper  functions,  the  excessive  mortality  and  the  general  futility 

of  tbe  moflt  careful  dietetic  treatment  amnog  cases  of  advanced 

starvation  would  remain  utterly  inexpticabte. 

When,  however,  we  recognise  the  exiptcuee  of  dertructive 
change  in  the  tissues  of  the  intestinal  canal,  these  problrma 
admit  of  ready  solution,  and  all  occa^iona  to  call  iu  arbitrary 
explanations  of  the  prevalence  of  fatal  diarrhcea  and  dyretitery 
among  the  sabjecte  of  starvation  ceases.  It  hiid  been  usual  to 
ascribe  these  symptoms  to  the  infiuence  of  noxious  mnteriaU  in 
the  blood  derived  from  abnormnl  tran^^formatiuns  of  tinvue,  and 
such  materials  may,  nn  doubt,  be  prrst-nl,  hut  the  local  ctfi-cts 
produced  on  the  mtcatitial  tissues  appt-ar  to  be  quite  sufficient 
to  account  for  tbe  Bymptoms.  It  lus  aUo  been  indicated,  as  a 
cnrknis  eifeet  of  starvation,  that  it  shonld  produce  an  incapacity 
for  the  assimilation  of  food  when  supplied.'  With  the  present 
auatouiicjil  data  it  would  rather  be  a  matter  of  wonder  if  it  did 
not.  With  tbe  degeneration  and  destruction  of  the  epithelial 
and  glandular  elementt  of  the  mucou?  membrane  of  the  digeative 
aysfem,  tbe  digestion  and  auimilation  of  nutritiw  m&tcriaU 
npplied  in  the  food  must  uecesearilr  be  impaired  or  destroyed, 
Mcording  to  the  degree  of  morbid  cnange.  The  food -elements, 
Oot  being  submitted  to  their  nonnal  trans formntiuits,  become 
mere  foreign  bodies  liable  to  undergo  decomposition,  and  well 
adapted  to  cbu%  irritation,  especially  on  surfaces  which  have 
been  more  or  lew  denuded  of  their  normal  protective  coverings, 
aa  is  the  case  with  the  iotestiual  mucous  membrane  after  tbe 
[destruction  of  its  epithelium. 

I  llut  symptoms  of  intestinal  irritation  should  set  in  under  such 
drcumslanccs  x*  only  what  might  be  expected,  and  that  these 
ifrnptoniB  should  have  been  especially  liable  to  occur  in  pwple 
ahoftiy  after  admission  into  relief  camps  is  readily  explicable. 
While  they  were  outside  and  actually  suffering  from  extreme 
[kr^iation,  the  primary  destruction  of  tissue  was  no  doubt 
*  Carpenter ;  op.  cit.,  p.  1  Xl. 
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ttdvaiicing,  but  the  amount  of  outnliTe  mHterial  ingrated  vm 
carre«|ioiidingIf  retiucvd,  and  was  so  smtll  aa  to  be  wilhin  the 
control  of  the  rcmaiuiiiff  ilif^tive  tissues.  On  adtnimion  into 
camp  a  larger  amuunt  of  food  «a«  tupptied  ;  the  digertive  and 
mbaorptivc  a|j[iar&tua  which  had  formerU  sulTiced  was  now  reU. 
tivolj  grcatl}'  reduced,  aud  the  surplus  food-elemuitl  became 
mere  sources  of  irritatiou.  It  has  long  br«n  recogtuted  that 
great  caution  if  necensarv  in  regard  to  food-suppljr  after  ereii 
oomparativvly  slight  starration.  Where  changes  lu  the  tissues 
have  ouly  been  slight,  orefal  dietetic  treatmentj  so  as  to  aroid 
imtatiou,  may  su^ce  to  tide  over  the  tlaag?r,  and  ultiiuatcly 
effiLCt  a  cure.  Where,  however,  extensive  destructioQ  of  the 
tissue-elements  of  the  mucous  membrane  hiia  takrn  place,  it  is 
clear  that  no  dict«lic  trcataient,  however  carefully  carried  out, 
cm  be  cxjieclwl  tu  rffe-cl  wwovery  ;  dietetic  ireatment  may  save 
a  weakened  mucous  membrane;  it  cannot  make  a  new  one. 

A.11  the  phenomeua  observed  in  the  present  series  of  inveetiga- 
tinns  point  to  the.  absolute  nece^i^ity  of  great  caution  in  n^aril 
to  dietetic  experiments,  dietetic  systems  of  punishment,  &c. 
They  show  that  it  is  not  safe  to  push  such  procedures  in  the 
belief  that,  so  long  as  no  evident  active  evil  results  present  them- 
selves, we  can  at  any  time  pull  up  and  restore  things  to  their 
normal  state.  The  fact  that  in  so  many  cases  the  fatal  diarrhoea 
aud  dysentery  Urst  manifested  itself  in  people  after  their 
admission  into  the  relief  camps  \&  very  significant.  Tlie  people 
in  such  case^  were  admitted  into  camp,  showing,  no  doubt, 
symptoms  of  extreme  general  mal-nutrition,  but  sulTeriug  from 
no  active  symptoms  of  disease.  The  mischief  had,  liowevcfj 
been  irrevocably  accomplished,  and  it  only  require  a  change— a 
faTorable  change  too — in  conditioo*  to  cause  it  to  manifest 
itMlf. 

The  insidinuB  character  of  the  mischief  has  a  most  important 
bearing  on  the  practical  question  of  the  managvmenl  of  famines. 
Due  to  it  relief  camps  may,  to  a  ^'reat  extent,  be  rendered  usclese 
by  the  people  failing  to  have  recourse  to  them  until  it  ia  too  late. 
They,  too,  are  likely  to  be  deluded  by  the  idea  that,  where  no 
active  symptoms  have  appeared,  no  permanent  damage  has  been 
done,  and  that  they  may  safely  delay  until  their  distress  haa 
counter-bslBnced  their  natural  inertness  and  dislike  of  disturbing 
their  ordinary  habits. 

Cucutta;  Ot4obtr,U7». 
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On  tit  VxrvtorUK^T  of  fAe^FTVLHATOzjOA.     Tart  I.  Lwn^riau. 
Bj  J.  E.  Bloowi-irld,  K.A.  Oxon.     With  Plate  Vt. 

Tbb  invettigation  into  the  stnictare  of  the  testis  ftod  the  de* 
wliHiiiii  III  of  the  spermatozoa,  of  which  the  preseDt  chapter  on 
LHsbricas  is  an  ioatalmoit,  van  undiTtaki!!)  at  the  suggestion 
aad  with  the  kind  inperriiioQ  of  ]*rof.  Lflnkcsier,  and  has  been 
carried  oat  parilv  in  the  laburator/  of  Exetet  CoUc'ge^  Oxford, 
putW  in  the  new  zootomical  laboratoriea  at  Univenitjr  ColiegSj 
Londoo. 

The  tme  twtes  of  the  earth-worm  were  Jlnt  described  bjr 
Hering  ('  Zeitschr.  fiir  wiss.  2ool.,'  vol.  riii),  who  did  not,  how- 
•vcr,  fij^nre  them  iii  positioa.  Tbej  occupy  much  the  oame 
position  in  the  udIIi  and  eleventh  rings  of  the  body  as  do  the 
OTaiiee  in  the  thirteenth ;  that  i»  to  My,  they  are  plact^l  ia 
paira  in  thoae  rings  well  forward,  so  as  to  be  in  relation  to  the 
anterior  septal  wall  and  near  the  neural  median  line.  Each 
testis  is  a  pare  white,  translucent  bodj,  of  irregularly  quadraa- 
golnr  form,  rarely  more  than  I'^th  of  an  inch  in  diameter^ 
MBcb  flattened,  and  attached  by  one  side  to  the  caslomic  epitho- 
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lium,  of  which  it  apppare  lo  be  a  Iwsl  mot) ifirn Lion.  The 
UMiliun  of  the  Ie5tc8  is  wen  in  the  diagram  woodcut,  l^lach 
(ettis  consists  of  a  mass  of  sphfrical  cells  (Plat«  VI,  fig.  1), 
those  at  its  free  edges  tending  readilf  to  separate  and  fall  into 
the  corlomic  space  or  body  cavity.  These  lyadily  aeparated  cells 
have,  moreover,  oftvn  advanced  in  development  beyond  those 
which  lie  more  deeply  in  the  mass,  and  have  attained  the  con- 
dition of  spermosphcres  or  !>[H'j-in-pnty plasty  described  beiov, 
I  have  not  been  able  to  determine  the  line  of  demarcation 
between  ccelomic  epithelial  cells  of  the  ordinary  kind  and  those 
which  bnild  up  the  Kuttstance  of  the  testis.  There  dons  not 
appear  to  be  a  complete  investment  of  the  testis  by  normal 
ccelomic  epithehum  a?  tlierv  mulouhiedly  i»  of  the  ovary. 

The  large  lobular,  yellnwisti-wliite  masi^es  which  are  frequently 
taken  for  the  Irae  testes  nf  Lnmbricus  are,  aa  Hering  pointed 
out,  really  aeminal  reterFoirt  or  "M»c/r*>  into  which  the  incom- 
pletely developed  cr!l»  thrown  off  by  the  true  testes  are  received, 
and  where  they  undergo  further  development.  I  am  indebted 
to  Mr.  A.  G.  Bourne,  assistant  in  the  Zuotomical  Laboratory  of 
University  College,  London,  for  the  demon stral ion  of  the  truth 
of  Hering**  views  on  this  subject.  Mr.  Bourne  eliowed  that 
the  true  teste*  are  nsually  overlooked,  owing  to  the  fact  that  one 
natornJIy  selects  ft  welL-grown  specimen  of  an  earth-worm  with 
folly  developed  oingiilum  for  dissection.  In  such  specimens  the 
periodic  development  of  the  acrainal  vesiclr-s  or  reservoirs  has 
proceeded  so  fur  that  they  form  tbe^  two  well-known  anterior 
Dilobed  anil  pfisU'rior  unilolit-tl  pairs  of  so-caiU-d  testicular  aacaj 
the  middle  portions  of  which  stretch  across  the  middle  hue 
coiiicuU-utly  wUh  the  septum  between  rings  10  and  II,  and 
with  that  between  rings  11  and  1^.  In  this  slate  the  irvs 
itatta  are  completely  hidden  from  view,  and  being  at  this  time 
completely  eQveIo|>ed  by  the  enlarged  aenunal  reservoirs  cannot 
be  demonstrated.  Mr.  Uourne^  however,  foand  in  a  series  of 
earth-worms  dis.*crtpd  for  the  purpose  of  tracing  the  development 
of  the  seminal  refcrvoirs,  when  Ihtrse  bodies  are  in  an  incom- 
plete or  in  the  periodic  undisteuded  condition,  that  it  is  qnite 
easy  to  exhibit  the  four  tcateo,  as  represented  diagrammaticaliy 
in  the  woodcut  here  given. 

The  SEMINAL  VESICLES  or  RBSHiivoiRS  are  seen  in  immature 
specimens  of  Lumbricus  as  six  small  Light-coionred  vo^ular 
growths  on  the  three  septfl  J)-10,  lO-ll,  11-12,  arranged  in 
three  pairs.  The  anterior  pair  grow  forwards  so  as  to  project 
into  Iho  ninth  ring,  the  second  grow  barkward  into  the 
eleventh  ring,  and  the  tlurd  pair  grow  backward  into  the 
twelfth  ring  (see  woodcut).  In  tlie  tenth  and  the  eleventh  ring 
are  the  four  ciliated  rosettes  or  expanded  mouths  of  tlie  seminal 
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'dact^,  a  pair  io  each  {nea  iroodcut).  It  is  suggested  to  mr  by 
Prafessoc  Lukester  that  the  srmiuaJ  veskles  possibly  originate 
as  pocicet--likc  oat^rowtha  of  the  sidir-walU  of  thc's«  rosetics, 
the  anterior  pair  carrring  oacb  an  anterior  and  a  posterior  oat- 
growth,  whilst  the  pOHttrior  pair  have  oulv  uach  a  posterior  out- 
grnwtii.  The  devetopinc;  aperm-cells  sncd  b;  tbc  treti^  are 
f  i.IIcctcd  in  ibe  ciliated  folds  of  the  corresponding  rosettx-s,  and 
in  ull  probability  coiiveved  bv  their  ageucy  t-o  the  increasing 
srminal  reservoirs.  As  sexunl  maturity  approaches  the  three 
primitive  pairs  of  seminal  retiiclrd  become  larger  and  lara;cr>  and 
^allj  the  four  anterior  pairs  meet  in  one  mass  in  such  a  way 
as  to  form  a  central  body,  covering  in  the  rosettes  and  testes  of 
the  tenth  segment,  and  sh<o  encroaching  upon  the  eleventh  seg- 
iijcnt ;  to  the  four  corners  of  this  central  oblong  body  arc 
aitaohed  four  lobes  correspomUng  to  the  anterior  and  middle 
pnirs  of  the  primitirc  semmal  vesicles.  A  similar  coalescence 
of  the  proximal  portion  of  the  posterior  pair  has  taken  place  in 
the  eleventh  segment,  with  invasion  of  the  area  of  tbc  twelfth 
•egmeni ;  but  there  are  only  two  lobes — the  backward-growing 
pair  of  vesicles  which  appeared  on  the  septum  between  segments 
U  and  12. 

The  minute  structure  of  the  eeminal  vesicles  is  remarlcable  and 
has  not  hitherto  been  described.  From  their  earliest  appearance 
they  are  essentially  highly  vascular  pouches,  but  they  do  not 
exhibit  at  any  time  a  simple  canty  or  lumen.  The  whole  of  the 
interior  of  tbc  orgau  i«  traversed  bj  vascular  ttabecula-,  which 
consist  of  excessively  delicate  connective  tissue  and  exceedingly 
fine  blood-vessels.  The  larger  vessels  are  seen  in  Plate  VI,  fig. 
4.  The  Tascular  trabecula:  form  a  sort  of  sustentaculum,  in 
which  the  developing  sperm-cells  are  packed. 

To  gain  an  idea  as  to  the  structure  of  this  susteiitneulam  it  is 
a  goo«  plan  to  peel  ofl",  w.-ish,  and  stain  a  portion  of  the  delicate 
tunic  with  which  the  seminal  reservoir  k  covered.  On  comparing 
this  with  the  sustentacalam  seen  in  flections  it  is  found  that  they 
agree  in  essential  structure,  and,  moreover,  the  inner  supporting 
portion  ie  continuous  with  and  formed  by  the  itirli|iping  of  the 
outer  tnnic.  This  outer  coat  of  the  reservoir  consists  of  a  mem- 
braoe  supported  by  fibres  irregularly  disposed  and  varying  in 
shape.  Many  of  them  arc  spindle-like  with  a  well-stained  nucleus 
at  the  equator,  and  sometimes  branching  at  the  ends  (fig  2], 
pUiers  are  longer  sinuous  fibres.  Among  the  fibres  arc  seen  a 
nnmber  of  nucld  which,  by  treatment  with  nitrate  of  silver,  are 
fonnd  to  belong  to  the  large  flat  cells  which  cover  the  exterior 
of  the  reserroir,  and  are  similar  to  the  cells  elsewhere  forming 
ctplomic  lining  of  tlie  perivisceral  cavity. 

This  tunir  dips  down  into   the  reservoir   and  forms  a  tra- 
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benkr  nuteBUntfam*  dincltBg  it  into  m  B«aiib«r  of  naal], 
iiTtfilir  mmpirtHTiilt,  in  Hrr^i  th»i  trnr  wpmm  mlh  rnikigu  Uiu 
dnogM  rei)umtfl  foe  tbe  drTclaptat  oc  dw  wfooMJUmom,  ud 
■Bwpmying  tbese  tnbmla  aie  Mm  Mood-»Mirfi  a^  capil- 
bnNiniecUon. 

If  ■  wnbyi  merroir  be  jUetd  £netljr  ia  wkohak^  lo  thai  tbe 
nd  laid  ii  eoaciilai«di  ind  netioBS  mida  vithoiit  sUiniiig,  the 
blood-veada  «w  b«  brought  out  u  if  tbe^  hid  b«B  injected  ; 
and  «udi  Mctions  will  *bow  that  the  blood  »  wd  oonfiBid  to  the 
mrtMce,  bat  cfl(«rf  into  the  Babtunee  of  tbo  HiUwiU'  irilh  the 
trab«cuhe  (tig.  I) ;  in  fact,  the  tnbonbi  m  Ultle  noK  than 
networks  of  blood-Tesaels.  One  lam  vmd  ran*  ilong  tbe 
iBtenul  aspect  of  the  reMfToir,  and  from  thb  Bam  tnmk  are 
gnren  off  the  secoodaiy  veaaela  which  ramiff  onr  and  ioto  the 
organ. 

Jktwitfmtmt  ^ U«  Sjuivmmtimim. 

An  accotint  of  tbo  deTclopmeat  of  the  spermatwoa  of  the 
lower  anirnaU  ha»  bren  for  some  time  a  want.  While  the  ovar^ 
and  ova  hsTe  been  the  subject  of  manr  ioTrstieations^  the  tcstu 
and  it«  contents  seem  not  to  have  met  with  the  attention  the/ 
de«erve;  and  m  the  earth-worm  ia  such  an  easiljr  attainable 
ftpecimen,  and  ita  teatioalar  prodneta  so  easjr  of  examination,  it  is  a 
wonder  that  it  has  been  so  long  neglected ;  for  if  a  iiortiou  of  the 
conteut^  of  a  seminal  nterroir  are  examined  in  »ait  solution,  a 
great  many  of  the  stagea  of  the  developing  3{iermatozoon  am 
exhibited  in  cue  field. 

The  method  of  examination  and  preservation  which  I  have 
foand  to  answer  best  for  the  ddicale  cells  is  to  expose  them  in 
aalt  solution  to  therapout  of  osmic  ncid,  stain  with  picrucarminc 
and  mount  in  glycerine ;  and  for  the  testes  tbemselTeii  and  the 
sflDUDal  reaerroirs  I  cut  sections  of  tbo  tenth,  cleveoth  and 
twelfth  scginente,  vbem,  if  all  tbe  Hctinns  are  kept,  tbe  testes  and 
al«o  the  reaervoirs  cannot  fail  to  be  found.  Examination  after 
treatment  with  osmic  acid  and  staining  reagents  1  have  found 
more  satisfactory  than  viewing  them  in  the  fresh  state,  as  the 
cells  are  of  such  a  delicate  nature  that  even  salt  solution  has  a 
alight  effect  on  them.  A  good  method,  when  it  v&»  particolarlj 
nwdful  to  be  sure  that  tbe  corpuscles  were  perfectlj"  unaltered, 
was  to  use  tbe  hocmolymph  from  tbe  perivisceral  cavitv  only,  with 
tbe  precaution  that  there  was  no  confusion  of  the  corput)cle» 
peeuliar  to  tlial  liipiid  with  the  le«ticalnr  cells. 

As  each  cell  of  tbe  testis  itself  is  (lit.'  source  of  many  sperma- 
tozoa it  is  nccdfiU  to  eiuplov  terms  which  shall  distinguish  the 
different  stages  of   tlio  sperm-cells.     I'rofcssur  Lanke&ter  has 
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euggntfd  file  folloving  lerminoiogy.  The  l«nii  !'periDntn»|)or<:; 
lie]  (o  oosjiore,  denotiDg  the  ovarian  egg-rcllj  is  npplicd  to 
coiutitaent  cells  of  n  Icstis,  derived  from  the  primitive  gfnn- 
^hcUum.  Tliesf,  by  division  of  their  nuclei,  form  spcrmato- 
iphrres  or  sperm- polvii lasts.  Ejich  constituent  of  a  sperm- 
polrplast  is  a  s|>ermatoblik3t,  »nd  when  the  process  of  dirtsion  is 
over  each  spcrmiloblast  becomes  a  5|)rrmato7.oon. 

The  spermatoblasts,  aa  a  rule,  stflnd  out  like  buds  from  the  cell 
Thich  genTaten  them,  Iietici;  the  name  aperra-buds  (opr-rmato- 
Ua«l*)  applieil  lo  them.  The  vhoK^  of  the  ipermalosporc-  ilcvs  net 
ippear  to  be  used  up  in  the  process  uf  division  tu  form  sptrmiiio- 
hlarts;  a  central  or  eccentricallv  placed  portion,  whicii  mayor  may 
not  be  nucleated,  remains  pasAivo,  and  serves  to  carry  the  spcrmato* 
blaslfl.  This  body,  vhich,  na  vill  be  seen  below,  has  ft  rentrn) 
ponlion  in  the  earth-worm,  is  to  bo  called  the'aperm  blasto- 
phor '  or  '  blastoplioral  cell.'  The  lerms  thus  defined  find 
their  application  in  a  variety  of  different  animals,  and  it  ap|iears 
probable,  from  my  invest  iff  at  ions  on  Lumbricus,  Tnbifcx, 
Uirudo,  Helix,  Anon,  Valuclinn,  Rana,  Salamandm,  and  Mns, 
that  the  primitive  spermatospore  always  give  riee  to  a  paseive 
blastophor  and  peripheral  spermatoblasts,  vhich  latter  only  arc 
directly  converted  into  spermatozoa. 

The  earlicjit  condition  of  the  spermatospures  (excluding  their 
embryonic  jihasea)  is  seen  in  a  teazed  testis.  They  arc  spherical 
corpnscle?,  avcrajfiuy  '(U  mui.iu  diameter.  The  nucleus  is  com- 
paratively very  large  and  possesses  a  well-marked  nuclooltis ;  the 
thin  coat  of  enveloping?  protoplasm  is  granular,  and  often  of  a 
prickly  appearance  (Plate  VI,  figs.  0 — 10). 

In  a  preparation  of  a  young  seminal  reservoir  the  next  stages 
of  the  formation  of  the  spermatozoa  will  be  seen.  Jfany  of 
the  primitive  corpuscles  are  seen  with  two  nuclei,  and  an 
ratermediate  constriction  of  the  enveloping  protoplasm,  which 
is  often  ver}-  scanty,  but  distinct  when  it  is  marked  bv 
granules.  The  thorny  processes  of  (he  protoplasm  may  still 
continue  (flga.  Iti — 20).  Next  to  this  in  a  normal  series 
comes  the  corpuscle  with  four  nuclei  (figs.  21,  ii),  bnl  abnor- 
mal forma  With  three  do  occur  (figs.  23).  Growth  of  ilio 
whole  cell  continues,  so  that  each  of  the  segments  in  this  stage 
mav  be  as  big  or  bigger  than  the  primitive  spermatospore  ;  the 
nucleoli  are  lai^e  and  distinct,  often  situated  near  the  periphery  ol 
the  nuclei.  The  amount  to  which  the  nroloplium  is  conatrictcd  in 
agreement  with  the  nuclei  varies  slightly ;  sometime^i  the  eei;ments 
look  Bfl  if  thcv  were  quite  separate,  at  other  times  as  if  they 
irerc  bonnd  and  held  together  in  an  investing  matrix. 

The  spt-rniatosphere  or  polyplast,  which  exhibits  eight  seg- 
ments, i^  the  normal  follower  ol  the  quadripartite  aphurold  (fig^. 
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21i  25)  i  but  t  tiol  uDcommtm  form  is  tliat  with  six,  wUiob  U 
to  be  regarded  u  abuonual. 

It  IB  in  this  stage  that  then.'  h  first  any  indication  tba^  as  the 
spermatoblasts  art?  being  formed,  a  slight  quantity  of  protoplaam 
is  being  left  ill  tbe  centre  of  the  geoeratnig  ijohplast,  which,  as 
dcrelopinent  proceiMls,  will  form  a  cushion  on  which  the  auetm 
rods  mflv  W8l.  It  Is  best  seen  in  polvjilasts  which  have  beeu 
subjected  to  pree^urc,  when  the  tUainent-ct-Us  or  s[>ermaloh lasts 
will  be  squeezed  acunder,  but  remain  connected  with  the  central 
substance  by  fine  strands  of  protopaUm  (fig.  £6).  This  central 
mass  is  the  '  blustophur.' 

The  genitral  outline  of  the  cight-divided  cell  la  circular,  but 
oft«ii  oval. 

The  following  stages  u|i  to  the  appearance  of  the  complete  sper- 
matozoa mar  be  made  out  in  a  preparation  of  a  wcl]-dcve]o])ed 
5emiDal  reservoir  from  a  large  worm.  The  youngest  stage  in 
such  a  preparation  is  a  Hattened,  oval,  plate-like  corpuscle,  wnich, 
in  the  freah  state,  appears  to  be  composed  of  finely  granular 
proloplasm,  with  very  slight  indications  of  the  several  spermato. 
masts  of  which  it  consists,  except  a  curious  vacuolatiou,  which, 
having  a  radinte  direction,  stcran  to  mark  the  separate  cells 
(fig.  Sy) .  These  corpuscles  art  highly  refractive,  and  hare  sharp, 
well-defined  outlines.  On  trealraeut  with  acetic  acid,  or  the 
mode  recommended  above,  Iheac  corpuscloa  become  broken  uji 
into  their  component  spermatoblasts.  Besides  these,  in  the  fresh 
state  occur  oliiiTS,  mnliicb.  the  component  cells  aie  mure  distinct, 
owing  to  projecting  pieces  of  protoplasm,  which  give  them  aa 
angular  appearance. 

It  is  not  possible  to  determine  accurately  tbe  number  of  sperma- 
toblasts nhich  form  one  of  these  corpuacleii,  as  only  one  side  is  pre- 
sented to  view,  but  it  probably  varies  from  sixteen  to  aixty-fonr, 
or  more.  Viewed  in  optical  sei^tiua  laterally,  the  spermatoblaala 
are  seen  to  be  placed  on  a  central  mat<s  of  protoplasm — the  spenn- 
blastophor,  which  is  flat  (fig.  29),  in  accordance  with  the 
flattened  shape  of  the  whole  corpuscle.  These  llnttened  plate- 
hke  forms  have  arisen  by  division  of  the  nucleus  from  the 
primitive  phase  of  tlic  sperm aiosp ore,  which  was  a  single  nucleated 
cell.  Though  the  primitive  cell  was  spherical,  yet,  after  its  first 
division,  when  tlicrc  arc  two  nuch'i  and  two  cells,  it  is  obloag 
and  flatt<>ncd ;  the  quadripartite  form  is  tiattened,  and  so  is  the 
one  with  eight  divisions,  or  nearly  so,  as  it  is  possible  in  these 
stog&s  to  count  the  component  cells. 

The  most  interesting  point  in  this  stage  is  the  division  of  the 
whole  ^permatosphere.  In  the  fresh  state  the  indication  of  this 
division  IS  very  conspicuous,  and  as  the  component  spermatoblasts 
arc  not  distinguishable,  it  looks  as  if  one  large  cell  were  nuder- 
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ig  priinsiy  division.  The  sign  of  this  division  Is  a  deft  on 
>oth  fidn  of  the  apermatosijliure,  not  running  tranavenelv,  but 
generally  diM;oQally.  The  cleft  on  one  side  is,  moreover,  dcrppr 
tbu  on  the  other.  Siierm-polyplasts  of  this  kind  arc  found  in 
vu^ing  states  of  dirision  till  two  new  polyplasts  reault,  ench 
consisting  of  eight  or  more  spermatoblftsts,  which  continue  to 
go  OD  growiug  (fig.  29). 

1  am  doubtful  as  to  whether  ail  the  sperin-poljplasts  divide 
when  they  reach  this  sut*",  or  whether  some  do  not  continue  their 
development  without  a  brcalt.  I  am  inclined  to  think  ihat  this 
ia  the  case,  as  the  tltial  fonu,  from  wheucc  tlic  sperm  rods  anse, 
haa  two  shapes — either  a  spherical  or  an  oral.     The  first  would 

■  result  where  the  corpuscle  had  undei^ne  division  at  this 
stage;  the  second,  where  there  had  been  no  multiplication  of 
the  land. 

After  this  division  the  periphersl  spermatoblasts  continue  to 

multiply  by  fission  in  planes  radial  to  the  whole  polyplaet.  The 

whole  coruuscle  increase*  slightly  in  size,  and  the  central  mas* 

B  of  protoplasm  or  blastophor  begins  to  nttain  some  magnitade 

H  (figs.    30 — SO).      Uenceforward  it  can  be  distinguished   as   a 

■  laree  central  corpnscte. 

When  the  spermatoblasts  have  reached  a  suitable  size, 
the  coat  of  protoplasm  which  has  been  enveloping  the  nucleus 
begins,  in  each,  to  collect  in  a  small  cap  or  knob-like  mass  at 

■  the  distal  end  (&g.  37),  and,  from  it»  high  refractive  powcrj  con- 
stitutes a  very  conspicuous  part  of  the  apermaloblast,  even  in  the 
fresh  state.  From  this  knob  proceeds  a  small  whip-like  61a- 
ment  of  protoplasm,  at  first  very  fine  and  short.  It  soon  grow? 
out  into  a  lasb,  and  constitutes  the  vibratile  tail  of  the  mature 
spermatoxoon  (ligs.  3S — 42). 

It  does  not  stain  readily,  and  requires,  at  eiU  times,  a  good 
^  light  to  be  seen  distinctly  in  its  early  stages. 
H  The  spermatoblast  at  this  stage  may  he  described  as  pear- 
shaped,  with  tin-  stulk  of  the  pear  turned  outward?,  and  coiuti- 
Inied  by  the  whip-like  fdamcnt,  the  body  of  the  jieiir  by  the 
DDcleus  which  joins  the  bUstophoral  corpuscle  by  another  thin 
process  of  unstained  matter. 

The  sperm-polyplast  now  is  spherical  or  oval  in  shape,  con- 
sisting of  a  number  of  elongaled  spermatoblasts,  vairing  in 
amonnt  according  to  the  size  of  the  sphere,  supported  like  pins 
on  a  pincoahion  on  the  central  blastophor,  which  has  swollen  up 
eoQaiderably,  and  can  be  seen  in  optical  section,  or  even  belter 
when  rough  usage  has  rubbed  some  of  the  spermatoblasts  ofF 
or  fiBtteoed  oat  the  whole  polypUat. 

"When  the  polyplast  has  reached  thia  singe  all  ftirihi-r  multi- 
plication of  the  spermatoblnsts  ceases,  and  their  further  dc- 
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relopment  coiiaistj  in  a  i^rowth  in  lengthy  both  of  the  rod-like 
and luh-like  portion. 

lie  pear-liko  Fhnpe  of  the  spcnnatoblasl  gives  place  to  u 
eloagnt«d  otaI  with  »  ronspicuou!!  kiioh-likc  heoil,  ^m  which 
prof^eds  the  lash-Iikc  lilumeiit.  'Vhc  i-loogatvd  uval  |jroweiato  a 
short  rod  with  n  promincul  cap.  'I*he  short  rod  then  grova  into 
a  comparatively  lon^  one,  tilt  the  length  of  a  mature  spermnto- 
zoou  is  attuned,  though  the  distinctioD  of  nucleus  "cap"  and  Insh 
may  be  t^nic<-(I  aa  long  aa  the  sperm  rod  is  nttacbed  to  the  central 
blastophor  (fig*.  43 — i8).  In  the  mature  spermntoxoa  the 
nuclear  portion  is  oulr  Lti8tiu"ui8hable  from  the  re«t  bjr  iti  rather 
greater  thickueiis.  When  trie  sperm  cells  reach  the  staee  of 
mature  spermatozoa  they  fall  off  from  the  blaatophor  and  find 
their  way  into  the  ciliated  v&sa  dcferentia.  'Hie  further  fate  of 
the  blastoplior  it  is  hard  to  decide.  It  has  no  nucleus,  but 
sometimes  a  vacuole  is  visible  (fig.  40^.  Often  it  is  pigmented, 
and  it  is  probable  tluit  it  atrophic?,  having  served  its  purpose  of 
a  rapport  to  the  spermatoblasts, 

Tne  hiastophor  or  central  moss  of  the  earth-wonn's  sperm- 
polyplast  possesses  a  very  high  interest,  and  will  be  found  to  be 
represented,  1  believe,  in  the  development  of  the  spermatozoa  of 
most  members  of  the  animal  kingdom.  I  have  seen  it  in 
llirudo,  in  Helix  (PI.  VI,  fig.  7S),  and  in  Rana  (%.  71.)  nnd  Siila- 
mandra.  In  the  two  latter  it  is  nncfeated,  a  difference  from  the 
earth-worm,  which  I  endeavour  to  explain  in  the  next  paragmph. 

Genial-  eonclunons. — I  have  found  no  consistent  account  of 
the  dcvelopmait  of  the  spermatozoa  of  the  earthworm,  though 
isohitcd  (Hiases  of  the  '.'pcrm-polyplasls '  hsvc  been  from 
time  tu  time  noticed  and  figured  in  text-books  of  histotory. 
From  ob»tcrvaticii)»,wlticli  1  am  still  pursuing,  upon  other animalSi 
I  am  inclined  to  think  that  what  we  find  m  the  earthworm  is 
fairly  typical  of  a  large  number  of  other  organisms,  including 
MolIu.<)ca  and  Vcrtcbrata.  The  general  notions  on  the 
subject  appear  to  have  made  little  or  no  advance  siuce 
Kbflikrr's  paper,  pobliBhcd  in  1 856  ('  Zeitsch.  fur  wisa. 
Zoo!.,'  Rd.  vii),  which  is,  as  might  be  «xpccted  from  its  date, 
wanting  in  accuracy.  KoUiker  gires  very  unsatidfactoiy 
drawings  of  the  develojiment  of  the  spermatozoa  of  the  bul- 
lock, the  pigeon,  the  frog,  and  the  carp.  His  '  mother-edl ' 
corresponds  to  my  '  polyplast,*  but  he  complicates  the  whole 
history  by  enoneous  notions  as  to  endogenous  cell  formation 
and  the  conversion  of  nuclei  into  spirally  rolled  spermatozoa. 
The  result  of  my  observations  is  that,  to  begin  with,  the  Hucleut 
of  the pritaiiire  cell  or  gp«rmato*pore  in  the  youn^  testis  i*d^ 
jtHuiua/ly  large  she,  and  that  the  jtecondary  nucK*i  to  which  it 
gives  rise  staud  out  uruuiid  the  central  mass  or  blastuphor  of  llio 
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geocntiog  9|)tieroid  vith  very  Httl«  protoplnsm  clothing  them. 
Sir  nuctent  undoubieiUji  itxomes  tie  rod-tike  head  t^  (kt  eortA- 
KWinV  ^erwatosoon^f  and  the  tilamcDt  is  as  undeniably  formed 
from  non-nuclear  protoplasm.  The  spcrtn-blastophor  of  the 
earth-worm  is  not  oacleated,  and  it  atrouhies  and  liisappcars  after 
it  has  fihed  its  cn^  of  spermatozoa.  Ihis  maitt  bo  brought  into 
relation  with  the  fact  that  the  development  of  the  spermatoblasts 
pmeeeds  not  in  tho  testis  itself,  but  after  the  spermatospores 
tuve  been  shed  from  the  testis  and  taken  into  the  seminal  re- 
isrroirs. 

On  the  other  hand,  ve  find  in  the  frog  and  salamander  that  what 
corresirands  to  the  blastophor  \%  a.  nucleated b(tdy  (see  fie.  74).  The 
hlastophontl  noclens  was  indeed  seen  and  flgurnd  by  KolUker  in 

»fig.  5  V  of  his  memoir.  In  the  fro^  and  salamander  the  nucleated 
portion  of  the  blastophor  (which  in  these  animals  is  not  central 
bat  lateral)  remain9  adherent  to  Ihs  waft  of  the  seminal  tube  or 
ery/tt,  and  only  a  portion  of  tlic  corpuscle  breaks  off,  carrying 
with  it  the  elongated  nuclei,  which  become  iieads  of  spermatozoa. 
Thus,  in  the  frog  and  salamander,  a  portion  of  the  sperm-poly- 
plast,  the  nucleated  blastophor,  remains  every  year  in  the  period 
sooceeding  the  breeding  season,  and  is  very  probably  ready  to 
rtaome  its  activity  and  produce  a  new  crop  of  spermatozoa  after 
one  crop  has  been  cleared  away.  These  nucleated  biaslophors 
are  seen  forming  the  lining  of  the  testicular  tubes  in  the  frog. 
On  the  other  hand,  the  primitive  testis  cells  or  spermatospores  of 
the  earth-worm  pau  avay  front  the  ttitit  inio  another  or^an  (the 
reservoir)  in  order  to  undergo  their  development;  the  whole  mass 
of  the  sperm-cell  is  detached  from  its  site  before  the  blastophor 
aad  fpcrmatoblasts  have  been  ditTerentiated.  Heuce  the  central 
position  of  the  blastophor  and  its  temporary,  ernnescent  cha- 
^  racter. 


There  is  another  kind  of  corpuscle  which  occurs  in  prepara- 
tioos  of  a  well-dcveloued  seminal  vesicle  (reservoir)  of  an 
earth-worm,  and  for  a  long  time  it  was  a  puzzle  to  connect 
it  with  any  part  of  the  previously  described  history  of  a  sperm- 
eell,  but  the  final  conclusion  to  which  I  have  arrived  is 
thai  it  has  no  connection  with  it  at  all.  What  the  function 
of  thcM  cells  in  the  reservoirs  is  I  do  not  know;  it  lb 
powible  that  they  form  a  kind  of  packing  material  during  the 
growth  and  development  of  the  spermatozoa,  and  may  be  con- 
nected with  the  nutrition  of  the  developiug  culls  and  ihc  periodic 
atrophy  of  the  vascular  framework  of  tlic  reservoir. 

In  siso  ihcae  cells  vary,  but  attain  in  the  larger  specimens  a 
diameter  of  T4rcth  iuch»  and  may  he  called,  even  when  pale  in 
tint  "the  brown  corpuscles."    They  have  very  generally  a  brown 
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colour  due  to  gnnulM.  In  »hape  ther  woulfl  be  flat  platce  of 
au  oblong  out  Hue,  were  thcj  not  generally  bent  on  IhcniBolTM 
and  curved  in  various  place*.  Oft*n  ttiey  nre  very  mndi  elon- 
gated, the  longitudinal  dimensions  exceeding  the  tninsvme  four 
or  five  times. 

An  interesting  fact  in  r^rard  to  them  is  that  ihcy  arc  com- 
poecd  of  two  distinct  substances,  one  a  hyaline  transparent 
groundwork  of  n  rrfmctive  index,  very  little  diiToing  from  that  of 
water,  ill  which  is  held  an  irregular  network  of  a  denser  substance 
with  large  granules,  many  of  wbiclt,  as  ."liowu  by  Klein  fur  intra- 
nuclear grannies,  are  (he  ends  of  roib  of  the  network  in  optical 
section;  but  this  is  not  the  case  with  all.  In  one  part  of  the 
cell,  varying  iu  position,  bat  in  the  corpuscles  of  an  elongiited 
shape,  generally  miuatcd  at  one  of  the  ends,  ia  a  nucleus :  some- 
times two.  Of  these  nuclei  there  is  little  indication  in  the  fresh 
state  except  that  at  a  certain  ^pot  the  protopla5m  is  slightly  more 
doiae  and  up:ique  in  appearance  (6gs.  51 — 59).  Under 
treatment  with  osmic  acid  and  picrocarmine  the  rods  of  the  nei- 
vork  split  up  into  granules,  often  not  quite  complRtcly^  eo  that  a 
nuoniliform  outline  is  the  result  (figs.  (?0— »{5). 

Salt  solution  causes  a  slight  shrmking  of  the  network. 

The  etfect  of  water  is  instructive.  When  it  has  been  added  to 
a  preparation  in  salt  solution,  the  first  effect  is  that  the  network 
loises  its  clearness,  but  continues  to  be  visible  fur  some  little 
time.  Then  the  corpuscle  begins  to  swell  until  it  becomes  a 
hyaline  sphere,  containing  granules  which  dance  in  rapid 
Itrownian  motion,  and  the  nucleus  is  exposed  to  view.  Dilute 
acetic  acid  has  the  same  ell'ect  (fig.  06). 

Osmic  acid,  whin  applii-d  in  solution  and  picrocarmine,  swell  up 
the  corpuscle  in  a  similar  way  owing  to  their  water,  but  when 
glycerine  is  apjjlied  (as  is  usual  for  preserving  the  preparation)  it 
18  reduced  again  in  size. 

The  vapour  of  osmic  add  causes  the  network  to  diatppear, 
leaving  granules  in  its  place. 

The  proporliormte  amount  of  this  network  varies  a  good  deal. 
In  some  corpuscles  the  meshes  arc  large  and  distinct  and  the 
rods  of  large  dimension,  but  in  others  the  meshes  are  small  and 
irregular,  and  often  the  rods  very  fine. 

At  all  times  the  arrangement  of  the  network  is  hard  to  de- 
termiue  accurately,  and  it  is  on]y  possible  to  give  an  idea  of  it 
in  a  drawing  by  diagrammatic  treatment. 

Of  the  function  of  these  corpuscles  I  can  only,  as  I  have  aaid, 
make  a  guess.  The  eia^cs  in  the  development  of  iitt  seminal 
reservoirs  in  which  they  are  found  are  the  following :  in  larcc 
vell-devclojicil  reservoirs  they  are  large  and  numerous,  but 
in  rwervoirs  taken  from  those  large  dark  worms,  which  seim 
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to  be  in  a  state  of  decliiie  nfter  the  perforniAiicc  uf  the  gi^nrraltve 
function  they  are  pariicularla  uumerous  in  proportion  to  (if  other 
corjiutcles.  The  actual  number  of  them  in  this  case  raa^'  not  be 
increased,  butoving  to  the  absence  of  the  other  cells  which  have 
dereloped  inlo  spermatozoa  iteeeus  that  there  are  more  of  them. 
Thi»  fact  »«eined  to  indicate  that  ihry  have  a  connection  with  the 
bluloplioral  corpuscle,  buta  fatal  objection  to  this  view  b  that  the 
latter  (Missosses  no  nucleus,  and  wnuki  liave  to  go  through  a  long 
scries  of  change*  before  it  nould  restruhh;  one  of  these  '  brown 
corimscle5,'  of  wliitli  intcrmedintf  phases  there  are  no  indica- 
tions whatever.  1  have  repeatedly  searched  for  such  phases  and 
have  never  found  them.  In  the  very  youngest  stages  of  the  rc- 
»ervoiri  thece  is  no  s>igu  of  them,  but  in  pTeparatioua  where  the 
sperm-cell  ^mentation  has  reached  the  hinary  slofje  it  is  seen 
that  they  arc  rejiresenled  in  a  young  condition,  developing  to- 
gether with  the  true  spermatoblasts  and  the  fusiform  cclla  of  the 
reticulum.  Tbcy  are  tti  ihia  stage  much  smaller  than  the  mature 
'  brown  corpuscle!)/  and  the  network  is  lo  dense  that  it  ia 
imposMble  to  make  out  itv  arrangement  in  detail.  1  have  re- 
presented tliem  at  chia  »tagc  in  figs.  67 — 71. 


0»  iia  Spinal  Nbrvu  ^  AiiPHioxts.     Br  F.  M,  Balpoi^b, 
M.A.,  F.R.S.     Fellow  of  Trinity  College,  Cauibridge. 

Ih  an  intereating  memoir  devoted  to  the  elucidation  of  a 
serice  of  points  io  the  aaatomy  and  derebpment  of  the  Verte- 
bnta,  Sciineidcr'  has  described  vhat  he  believei  to  be  motor 
norrea  in  Auipbiuxus,  wUich  spring  from  the  anterior  side  of  the 
spinxd  cord.  According  to  Schneider  tlieoe  iinrvts  have  been 
overlcmkcd  by  all  previous  observers  except  Sticda. 

I*  myself  attemi^ted  to  sliov  tome  time  ago  that  anterior 
root*  were  absent  in  Amphioxus ;  and  in  some  sjiecalations  on  the 
cranial  nerv«»,  I  employed  this  peculiarity  of  the  oervoui  tTttem 
of  AmphioxuB  to  support  a  view  that  Vprtebrata  were  primuively 
provided  only  with  nerves  of  mixed  function  s|iringii)g  from  the 
posterior  «ide  of  the  spinal  cord.  Under  these  circumstances, 
Schneider's  stAtement  naturally  attracted  my  atlcDtion,  and  I 
hftve  made  some  elTorls  to  aatisfy  myself  as  to  its  accnracy.  The 
nerves,  ae  he  describes  them,  are  very  pecult&r.  lliey  arise 
from  a  number  of  distinct  roots  in  the  niuder  third  of  each 
segment.  They  form  a  tlat  bundle,  of  which  part  passes  up- 
wards and  part  downwards.  AiThen  they  lucct  the  muscles  they 
bend  backwardaj  and  fuse  with  the  free  borders  of  the  muselc- 
pktes.  The  fibres,  which  at  first  sight  appear  to  form  the  nerve, 
are,  however,  transversely  striated,  and  are  regarded  br  Schneider 
as  muscles  ;  and  he  holds  thnt  each  muec!c-iilat«  sends  a  process 
to  the  edge  of  the  spinal  cord,  which  there  receives  its  iuaerva- 
tioQ.  A  considerable  body  of  evidence  ts  requisite  to  justify  a 
belief  in  the  existeoce  of  such  very  extraordinary  and  un- 
paralleled motor  nerves;  and  for  my  part  I  cannot  say  that 
Schneider's  observations  are  convincing  to  me.  I  have  attempted 
to  repeat  his  observations,  employing  the  methods  he  describes. 

In  the  first  place,  he  states  that  oy  isolating  the  spinal  cord 
by  boiling  in  acetic  acid,  the  anterior  roots  may  be  brought  into 
Tiev  as  numerous  couical  processes  of  the  spinal  cord  in  each 
segment.  I  find  by  treating  the  spinal  cord  in  this  way,  that 
processes  more  or  less  similar,  but  more  irregular  than  those 
which  he  figures,  arti  occasionally  present ;  but  I  cannot  per- 
suade myBclf  that  they  arc  anything  but  parts  of  the  sheath 
of  the  spinal  cord  which  is  not  completely  dissolved  by  treatment 
with  acetic  acid.  By  treatment  with  nitric  acid  no  lucA  procet$ea 

'  •  Beitn^te  i.  Anat.  u.  Eiitwick.  A.  Wirboithiore,'  Berlin,  1 979. 
*  "  On  the  Spioal  Nerves  of  Amnliioxiis."  '  Joiim.  of  Anat  and  Flivt  * 
vol.  X.  1876. 
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are  i/>  bt  seen,  tbough  the  whole  length  nud  very  6nest  branches 
of  Ihc  posterior  nerves  arc  prcBerved. 

Bv  treating  vrith  Qitric  acid  and  clarifying  by  oil  of  cloves,  snd 
fubwquenily  removing  one  half  of  the  body  so  as  to  expose  the 
spinal  cord  in  litti,  the  orig^  and  distribution  of  (he  irasterior 
nerves  is  very  clearly  exhibited.  Uut  I  Iiave  failed  to  detect 
any  trace  of  the  anterior  nerce-roota.  Horizontal  section,  which 
ought  also  to  bring  them  clearly  into  view,  failed  to  show  me 
anvliung  uhich  I  could  interpret  as  such.  1  agree  with  Schneider 
that  a  proccM  of  each  ninscle-plalc  is  prolonged  up  to  the  anterior 
border  of  the  spinal  cord,  but  I  can  find  no  trace  of  a  counection 
between  tt  and  the  cord. 

Schneider  has  represented  a  transverse  section  in  which  the 
anterior  nerves  arc  figured.  I  am  very  familiar  with  au  appear- 
ance in  section  such  as  that  represented  in  his  figure,  but  I 
satisfied  myself  when  I  previously  studied  the  nen-es  in  Ampht- 
oxus,  that  the  body  supposed  tc;  bo  a  nerve  by  Sclmeider  was 
nothing  else  than  part  of  the  inter muscolar  septum,  and  after 
re-examining  my  sections  I  sec  no  reason  to  alter  my  view. 

A  verjf  satisfactory  proof  that  the  ventral  nerves  do  not  exist 
Id  ho  found,  if  it  could  hv.  rstabli?hed  that  the  dorsal  nerves 

itatned  both  motor  and  sc'iisory  fibres.  So  far  I  have  not 
succeeded  in  proving  this ;  I  have  not,  however,  had  fresh 
specimens  to  assist  me  in  the  investigation.  Langcrhans,'  whose 
careful  observations  appear  to  me  to  have  been  undervalued  by 
Schneider,  ilgores  a  branch  distributed  to  the  muscles,  which 
passes  off  from  the  dorsal  roots.  Till  the  Inaccuracy  of  this 
observation  is  demonstrated,  the  balance  of  evidence  appears  to 
me  to  be  opposed  to  ^ctmeider's  view. 

'  '  ArdiiT  f.  Uiknw.  Aaatouiio,'  vol.  xii. 
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nUft  BACiLLua  of  Lbprost.     By  G.  Armanbr  Haxskx. 
With  Plate  Vtll. 

It  was  not  my  intention  to  make  any  of  my  invcgtif^tions 
on  this  subject  public  at  present,  but  as  not  only  l>r.  Edluiid, 
to  whom  ill  the  preceding  ypar  1  sbowed  preparations,  and 
mentioned  that  1  coustdered  leprosy  a  parasitic  disease,  in 
his  little  work  on  *  I^enrosy  '  speaks  of  its  precise  ori^n  as 
something  that  he  has  aiscovered  in  the  form  of"  micrococci," 
but  also  Di.  Neisser,  of  Uruslau,  who  passed  some  portion  of 
ihia  summer  in  Ber^eu  has  just  published  the  result  of  his 
investipralions  of  those  preparations  thai  he  made  while  here, 
ami  as  Lhese  results  also  point  out  that  in  gcnernl,  the  pre- 
parations arc  filled  with  "  bacilli "  which  he  supposes  to  be 
IwcuUftr  to  leprosy,  and  as  its  "  conUgium  " — I  feel  myself 
culled  upon  to  announce  'n'hat  1  have  attained  to,  up  to'  the 
present  time,  in  my  rescBTches  after  the  same  "  contagium," 
and,  this,  partly  to  assert  my  priority  with  reference  to  this 
discovery,  and  partly  in  order  to  advance  those  details  in 
research  which  I  omitted  to  announce  on  account  of  the 
still  uncertain  result  in  my  report  to  the  Medical  Society  iii 
Christiania,  1874,  concerning  my  investigations  into  the 
etiology  of  leprosy.  In  this  report  I  have  brieily  slated  that 
I  often,  indeed  generally,  found,  when  seeking  for  them  in  the 
leprous  tubercles,  &mall  rod-stiaped  bodies  in  the  cells  of 
the  swelling,'  whilst,  on  the  contrary,  I  never  found 
such  "  bodies  "  in  blood  newly  taken  from  leprous  patients, 
in  which,  however.  Dr.  Edliind  declarer  be  has  seen  the 
"  microrcoci "  described  by  him.  This  observation  of  Dr. 
Edlund  I  must,  however,  after  having  examined  several 
times,  quite  lately,  blood  taken  from  a  leper,  consider  as 
unreliable.  I  found  very  often,  on  the  contrary,  after  pre- 
serving the  blood -preparations  in  a  damp  room,  that  in  the 
course  of  a  few  days  there  appeared  articulated  threads, 
vliich,  I  believe,  must  be  conenlered  as  a  fungous  growth, 
and  which  never  appeared  in  blood- preparations  taken  from 
either  healthy  or  syphilitic  people.  After  having  employed 
myself  for  u  lengiheiied  [loriod  in  these  investigations  of  the 
blood,  I  proceeded  to  those  of  the  tnberclc,  and  shall  com- 
municate, as  follows,  a  few  of  the  memoranda  I  made  during 
that  time. 

Cask  No.  765.  —  Johannes  GUI,  vigorous  nodules; 
February  28th,  1878.  A  nodule  taken  from  each  side  of 
the  nose  with  scisfrors,  and  laid  in  a  carefully  cleaned  watch- 

*  Vi^  '  British  siid  Poreign  Mcdico-ChirnrRioal  Bcrioir,'  April,  IS/S. 


;  actdped  [lie  surface 
tie  parts  removed  on 
an  object-glass,  and  Mrithotit  any  addition  of  fluid  covereil  over 
with  a  glasa  cover.  Tliere  were  seen  almost  only  round-cells, 
veryfeiT  trith  granules  of  fat,  some  finely  granulated,  others 
containing  rod-sliapctl  bodies,  which  are  sometimes  bordered 
by  p8ra1M  lines,  and  sometimes  pointed  at  both  ends.  In 
this  latter  instance  tliey  arti  about  fwice  as  thick  in  the 
middle  as  the  others.  Such  bodies  are  to  be  found 
where  duid-spaceit  are  formed  by  the  pressure  of  the  glass 
covur  suriounded  by  the  dense  muus  uf  cells.  In  these 
spaces  the  bodies  more  after  the  manner  of  "  bacteria." 
Other  preparations  prepared  in  the  same  way  were  examined 
in  adropof  distiUud  staler  with  Uartnack  No.  9,  but  with  no 
veault.  The  round  cells  are  the  regressive  elements  of 
brown  colour,  which  I  have  both  described  and  drawn  in 
my  previous  contribution  to  "  Leprosy's  Characteristics/* 
*  S'ord.  Med.  Art.,'  vol.  i.  No.  13;  these  drawings  are 
reproduced  in  '*  Leprous  Diseases  of  the  Eye,"  by  O.  B.  Bull 
and  O.  A.  Hansen,  Christiania,  1873.  In  the  next  place 
I  scraped  the  surface  of  the  tubercle  as  above,  and  put 
the  scrapings  into  a  drop  of  water.  In  such  preparations 
an  unusually  large  number  of  the  small  bodies  show  them- 
seWes,  which  have  besides  mure  or  lees  lively  movements. 
The  cells  mostly  swell  up  considerably  in  the  water,  and  iu 
the  swollen  celU  the  rod-shaped  bodies  are  much  more  easily 
found;  many  cells  show  themselves  completely  loaded  w'nli 
them;  at  the  first  glance  it  seems  as  if  the  celln were  filled  with 
coarse  granules,  but  on  closer  examination,  on  the  contrary, 
these  apparent  granules  are  found  to  be  small,  oblong,  rod- 
shaped  bodies.  Several  preparations  of  each  kind  are  then 
placed  on  the  bottom  of  a  glass  basin  which  is  covered  by 
a  larger  one ;  the  bottom  is  covereil  with  damp  sand,  and 
over  all  is  placed  a  glass  plate  (two  preparations  with  water, 
three  without]. 

March  1st. — No  examination  of  the  prciiarations. 

2nd. — Preparations  appeared  as  on  February  S9th. 

3rd. — Iu  one  of  these  preparations  with  water  a  mass  of 
articulated  threads  was  to  be  found  in  one  place  exactly 
corresponding  to  those  which  are  found  in  the  blood  of 
certain  lepers  after  cultivation. 

4th. — In  i^uch  preparations  the  articniatcd  threads  are  to 
be  found  ;  in  one  of  them  without  water  they  were  found  at 
the  edge  of  the  preparation,  as  well  as  irt  the  spaces  filled 
with  serum  amongst  the  densely  packed  cells ;  these  were  not 
long  threads,  only  two  ur  three  joints  fixed  to  each  other. 
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anti  ttwiuiiiiiiijL;  partly  free  in  iho  fluid.  In  ouv  part  ufoiM 
or  the  nreparntionfi  thrre  ffits  a  countlitss  number  of  oMrillst- 
iag  tods,  aud  one  "peDicillium."  Two  of  iho  preparations 
without  n-aicr  did  not  fill  iha  wholo  flpace  under  the  glass 
cover;  in  iho  ivatcr  whicii  bad  fallen  in  drops  in  th«  vacant 
space  no  trace  Trait  to  be  found  of  either  bActeria  or  an)*- 
thing  else. 

7th. — Kristian  Lotuft.  Vigoroui  tubercles  trhich  have 
tteadily  increased  in  the  last  year.  One  tubercle  was 
removed  and  divided ;  one  half  was  immediateW  placed  in 
1  percent  osmic  acid,  and  preparations  were  made  of  the 
Other,  and  the  hlood  oozing  out  from  the  cut  surface  wa» 
collected  in  a  small  glass  vessel. 

Preparation,  No.  1. — Senim  containing  blood- corpuscles  ; 
from  this  preparation  a  particle  of  the  tubercle  was  teased 
out  with  needles,  and  examined  under  the  microscope  ; 
numerous  oscillating  rods  and  rod-like  bodies  were  to  be 
observed  in  some  of  the  cells. 

Prepaiation  No.  2. — Serum  containing  blood-corpuscles; 
here  and  there  a  white  body ;  extremely  few  oscillating 
granulated  masses. 

Preparation  No.  S. — Serum  with  numerous  blood-cor- 
puscles, and  admixed  "epithelium"  from  the  edge  of  the 
cutting  ;  numerous  bacteria.  All  these  were  kept  in  a  moist 
granulated  chamber. 

Preparation  No.  4.— In  a  drop  of  distilled  water  pieces  of 
the  picked*out  tubercle  ;  numerous  bacteria  ;  immovable 
bacteria  in  the  cells.  The  preparation  was  enclosed  with 
oil  along  the  edges  of  the  glass  cover. 

Preparation  No.  5. — Serum  containing  blood'corpuscles, 
enclosed  tvitb  oil  as  No.  4. 

Preparation  No.  6. — Serum  containing  blood -corpuscles, 
with  pieces  of  the  pickcd-out  tubercle  also  enclosed  with  oil, 
and  containing  numerous  bacteria. 

8th. — Nothing  to  remark. 

9th. — No.  1.  Leptothrix;  articulated  threads  abundant. 

No.  a.  Nothing. 

No.  8.  Nothing. 

No.  4.  An  occasional  articulated  thread  here  and  there. 

No.  6.  Nothing. 

No.  fi.  Like  No.  4. 

10th. — No.  I.  Still  more  chains  in  large  gronps. 

Noa.  ^  and  S.  Nothing. 

Noe.  4,  a,  and  B.  Like  those  of  yestenUv. 

18th.— CwK  No  "104.  A  tubeixl'j  ttiken  from  the 
under  lip ;  «oftening  commencing. 
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Prcparatiou  No.  I. — Procured  after  incision  by  preBSure  on 
the  tubercle  which  is  tolcrnbly  juicy,  coutaiiis  a  consider- 
able number  of  Invge  hrovvii  elements  niul  numero\i8  hftcterin  ; 
these  could  also  be  indiitinctly  seen  withm  the  cells  ivbicb 
are  not  of  a  very  deep  broirn,  and  I  think  now  and  then 
that  I  could  distinctly  tee  in  these  n  long  itripe  in  the 
apparently  grnnulated  oiaKea. 

N'o.  '2.  Like  No.  I 

No.  3.  Like  No.  1  (ivith  water).  The  oell^  for  the  most 
part  were  swoIUq,  iiud  in  theae  rod-shaped  bodies  in  large 
numbers  nero  distinctly  to  be  seen.  The  lart^e  brown 
elements  were  not  much  affected  by  water,  occasionally  a 
little  swollen,  and  thus  it  can  be  tolerably  cleatly  Sfeu  thnt 
in  general  a  Inrge  portion  of  the  apparent  granulations  arc 
oblong  and  rod-»h.'\])ed. 

AU  these  prepRraiions  were  kept  Jn  a  moist  chamber.  The 
addition  of  acetic  acid  does  not  help  at  all.  The  preparations 
become  more  opai^ue  by  coaffulation. 

With  acetate  of  potash  all  the  oscillating  rods  are  killed  ; 
they  become  instantly  more  highly  refractive  after  it  baa 
penetrnted,  shrivel,  and  lie  exactly  like  corp^A  nil  over 
the  preparation ;  the  brown  ones  lihrivel  considerably,  and 
become  exceedingly  refractive^  shining  like  wax.  Their 
whole  contents  become  as  if  kneaded  together ;  no  rods  to  be 
distinctly  seen  unless  action  be  just  about  to  commence.  The 
rod-like  bodies  in  the  cella  are  to  be  seen  best  by  teasing 
out  a  piece  of  the  tubercle  in  1  per  cent.  "  osmic  acid." 

SOth. — In  many  places  in  all  the  three  preparations  arli- 
oulatcd  threads  of  greater  or  less  extent  are  to  be  found  ;  tn 
tome  places  a  single  thread  wound  a  few  times  ronnd  itself, 
in  others  such  acoufusiouof  threads  that  to  follow  tbem  was 
impossible. 

Of  the  tubercle  which,  after  obtaining  the  above-men- 
tioned preparations  on  March  18tli,  was  laid  in  1  per 
cent,  osmic  acid,  a  preparation  was  taken  to-day,  which 
thowed  rod-shaped  bodies  in  most  of  the  colU.  I  took 
a  drop  of  the  reduced  acid  in  which  the  tubercle  was 
lying  ;  no  oscillating  bodies  were  to  be  found ;  a  small 
particle  of  the  tubercle  was  placed  into  this  drop  and  leased 
out,  and  on  investigation  many  oscillating  rod?,  of  a  length  of 
0*0015 — 0  OOti  mm.,  were  tu  be  found.  On  repealed  knocking 
on  the  cover  glass  until  almost  the  whole  of  the  above  particle 
had  fallen  to  pieces,  it  was  found  swarming  with  oscillating 
Tndsj  and  in  the  broken  eilge  of  a  large  cell  which  had 
been  fractured  by  the  knocking  a  few  rods  were  seen  pio- 
truding  into  the  fluid. 
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i2Ut. — Numbers  of  articulated  thread*  in  all  the  prepara- 
tions like  those  of  yesterday. 

April  lat.— Olive  Bjorhang.  Spots  six  weeks  old  ;  strong 
retrogression.  A  piece  cut  from  «  spot  on  the  forearm, 
diviilt-il  into  two  pieces,  one  teased  out  in  fresh  waierj  une 
in  salt  water  ;  the  sudoriparous  glands  appenr  large  and 
easily  teased  out;  round  cells  amongst  tlie  windingii  uf  tlie 
canals,  also  here  and  there,  between  the  bundles  of  couuectire 
tissue,  many  cells  interwoven  with  strongly  gratinlated  *'  pro- 
toplasma."  In  both  preparations,  principally  along  the 
edges  of  the  fragments  of  the  teafled-out  swent-ducts,  n 
quantity  of  pale,  round,  angular  and  oblong  molecules, 
with  otcillAlin^it  iiKivements,  were  found.  It  cannot  be  posi- 
tively decided  whether  wiine  of  thi;  more  lenglhv  ones  were 
really  bacteria ;  highly  refractive,  round,  and  oblong  small 
bodies  could  be  found  in  some  few  of  the  sweat-ducts  ;  kept 
in  a  moist  chamber.  Besides  this  a  preparation  in  osmic 
acid  was  made  of  the  blood  oozing  out  from  the  cut  surface 
of  the  spot. 

8rd. — In  the  blood  preparation,  which  is  almost  dried  up» 
numerous  articulated  threads  were  found.  In  the  other  two, 
along  the  edge  of  them,  numerous  large  bacteria  with  lively 
movements,  but  no  articulated  threads. 

lih. — The  blood  preparation  quite  dried  up.  The  two 
others  like  those  of  yesterday,  although  the  bacteria  were 
not  in  such  lively  movemL-ut. 

7th, — The  preparation  with  walnr  dried  up  ;  the  prepara- 
tion with  salt  water,  connective  tissue  and  cells  unchanged. 
No  bacteria  to  be  discovered ;  on  the  contrary^  numerous 
highly  refractive,  small  articulated  threads  were  found,  with 
from  two  to  five  articulations,  immovable. 

l~th. — Christian  Loluft.  Obtained  h  prcpartitiou  from  a 
tubercle  on  the  cheek  by  puncture,  principnlly  blood,  with 
some  greater  or  smaller  tubercle  cells;  unable  to  discover 
any  free  bacteria. 

ISth. — The  red  blood-corpuscles  a  little  shrivelled  ;  the 
cells,  however,  about  normal,  some  of  them  a  little  dis- 
coloured. 

SOth. — The  cells  extremely  pale  and  somewhat  shrivelled, 
and  occasionally  hydropic  ;  no  bacteria  to  be  seen  in  them  ; 
the  large  pale  brown  cell-content*  unchanged  ;  nothing  more 
to  be  liiscuvLTud  than  on  the  first  day  ;  granules  and  doubt- 
ful rods. 

SSud. — Chains  in  many  places,  but  the  preparation  not 
to  be  relied  on,ou  account  oi  water  having  penetrated  in  one 
place. 
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Anne  Sshing^tar,  (ii^d  March  10l)i ;  ]i05t-mnTtem  eXftininB- 
liofi  llUi  JUiircli,  1873.  Some  nitlier  shrivelWd  tul>erclim 
from  tbc  face  were  exauihied ;  Ur^e,  ilry  hrown  ImdieB  wrrc 
found  in  part»,  rormidably  large,  and  easy  to  be  seen  with 
the  naked  eye.  In  the  microscopical  preparations  oscillating 
tods  were  to  be  fuiind  everywhere,  and  after  the  addition  of 
uoush-lye  I  wa»  fortunarp  enough  to  see  in  several  of  the 
large  browDeUmeiilfta  sort  of  striAlion  nmon^fttt  the  nppHrent 
granulations;  the  bruwn  uties  adhered  strongly  to  the  slnss, 
and  when  the  glass  cover  was  lifted  up  and  removed  from 
one  ptace  to  another,  many  pieces  were  found  remaining 
on  it  ia  many  plutes ;  these  pieces  showed  thenifleUes  to  Iw 
coDipvs«d  of  small  rod-shaped  bodiefl>  which  crossed  each  other 
ill  every  direction. 

March  ITib- — No  articulated  threndu  have  formed  them- 
•tWes  iu  any  of  those  preparatious  which  wore  kept  in  a  dump 
room. 

£l*c. — Christian  Loluft.  Eruption  over  the  whole 
body  rather  severe ;  two  newly-fonned  tubercles  were 
punctured  with  a  neodhi' ;  a  drop  of  something  resembling 
*'  pus  "  was  squeezed  out  at  the  same  time  ;  the  drop  was 
viscid}  tough,  and  did  not  float  out  by  pressure  nn  the 
glass  oover ;  only  a  few  cells  at  the  edges  became  frc<-  by  the 
addittou  of  distilU-d  water,  also  when  the  glass  cover  wit^ 
repeatedly  lifted  up  and  set  duwu  ou  the  one  side.  It  was 
ttUo  evident  from  mtcrugropicalexuniiuatioii  that  ihe  prepnia- 
dnn  contained  a  few  blood- corpuscles.  After  the  addition  of 
water  and  the  glass  cover  Atill  remaining  removed,  nothing 
remarkable  is  lo  be  found  iu  the  prupxration ;  if,  however, 
on  the  contrary,  the  glass  be  moved  from  side  Ui  side  so 
chat  a  portion  of  the  preparation  is  floated,  a  not  incon- 
siderable number  uf  oecillutiog  rods  of  different  stites  maktt 
their  appearance  in  the  fluid.  Two  similar  preparations 
were  made,  one  with  and  one  without  water  (in  a  moist 
chsmber)  ;  besides  these  a  preparation  of  blood  was  made, 
in  which,  on  examination  with  Hartnack  No.  11,  no  bacttiria 
could  be  discovered;  finally,  two  other  preparalioits  uf  the 
contents  of  the  tubrrcle  without  water. 

iifSrd. — Xo  articulated  threads  to  be  found  in  any  of  the 
preparatious  ;  those  witliout  the  addition  of  water  still 
appear  as  quite  fresh. 

SMih. — The  same  as  above. 

K5th. — Also  the  same. 

£8th. — Still  no  fungus.  The  preparation  without  water 
kept  remarkably  well.  The  cells  had  a  perfectly  freth 
appearance.     The  preparation   containing  serum   was  also 
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perfectly  dried  up  along  tbe  edge,  so  no  wtter  ccnild  pene- 
trate. 

i9th,  3Dth,  Slat. — On  account  of  other  cn^gctncnts  the 
preparations  were  not  examined. 

April  Ist. — Nothing  is  seen  in  tbe  blood  preparattonj 
which  IB  mostly  driod  up;  fungus  in  both  the  others. 
The  preparation  without  water,  especially  deserves  atten- 
liou;  here  riebt  in  the  middle  of  it,  trilb  ifo  especially  well- 
preserved  cells  that  they  Hpp««r  perfeuily  fresh,  were  found 
in  four  places  large  masses  of  fungus,  of  finely  granulated 
appearance,  from  tbe  edge  of  which  there  ehoot  out  fine 
BTticulatcd  threads,  nhoec  several  jointa  measured  0'0006— 
00007  mm. 

4th. — Tbie  preparation  exactly  like  that  of  the  1st.  The 
masses  of  funeus  have  not  become  larger ;  a  rather  large 
brown  one,  which  is  broken  on  one  side,  remained  un- 
changed in  these  three  days.  Us  place  was  carefully  noted 
in  order  to  watch  if  uuy  articulated  threads  should  grow  out 
of  it.  Along  the  edge  of  the  glass  cover,  upon  the  dried  up 
edge  of  the  preparation,  a  brown  fungus  has  shut  out  a  rich 
network  of  threads  with  fructification,  by  division  of  the 
points. 

7th. — The  fungus  maiw  along  the  edge  of  and  in  the  pre- 
paration is  unchanged,  the  edges  set  free,  and  alcohol  and 
ether  added,  which  only,  by  repeatJ^dly  lifting  the  glass 
cover,  penetrate  the  preparation ;  by  this  the  fungus  mass 
was  divided  into  lumps;  little  by  little,  by  the  action  of  the 
ether,  they  took  the  same  appeatancR  ns  the  brown  ones, 
viz.  the  granules  and  rods  were  kneaded  togetlier  into  a 
shining  wax-like  mass. 

Hoepital,  Johannes  Giit. — Two  tubercles  from  ibe  nose, 
taken  out  with  entire  epithelium. 

Preparation  No.  1. — Scraped  with  a  knife  the  mass  of  cells 
in  the  bluod-sernm  wliich  lies  on  the  surface;  obtained 
scviTal  doubtful  bacteria  with  slow  movements. 

Prcparalion  No.  S. — Witti  a  glass  tube,  freshly  blown, 
from  an  incision  in  the  tubercle  leas'rU  and  sucked  out  small 
pieces  of  the  cell  mass;  considerable  number  of  blood  cor* 
puscles,  also  bacteria. 

Preparation  No.  3. — In  like  manner ;  fewer  hlood-oor- 
ptiscles. 

Preparation  No.  4.— Oitto,  with  as  mnch  water ;  much 
more  numerous  bacteria,  and  here  and  (here  in  the  swnlh'n 
celb  rod-shaped  bodies;  many  brown  ones  in  a  lump,  none 
floating. 

Preparation  No,  6. — Preparation  of  blood  collected  in  a 
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wAlch-glaE« ;  Gcnira  contaiuing  bluotl-curpuscles,  her«  and 
ihere  a,  white  blooiUcorpusrlc  ;  discovered  a  few  bacLvria. 
On  teazin}?  a  preparation  in  osmic  acid  I  find  many  cells, 
which  enclose  longish  rods. 

lOlh,  Noe-  I,  2,  and  S. — Present  no  alterations,  except 
that  where  the  lougiKh  rods  can  be  seen  th(.<y  arc  niutiou- 
le«8. 

Preparation  No.  4. — In  many  of  the  cells  thai  have  been 
swollen  by  water  are  found  more  or  less  numerous  granules 
of  various  ftixes,  showing  mok-cular  inorement ;  in  some  of 
thv  cells  between  the  oscillaLing  {>rnnulcs  a  rod  with  slower 
niovemcii tH  ran  he  observed,  which  appears  indupcndeiit  of 
the  movements  of  the  ftranules  ;  in  otlier  cells  no  granules 
are  to  be  found  ;  on  tlie  contrary,  many  rods  and  one  or  two 
of  these  with  slow  serpentine  movement. 

Preparation  No  5. — No  alteration,  except  tliat  the  blood- 
corpuscles  are  more  contractetl. 

lUh. — The  preparations  arc  unchaTigcd. 

12th. — The  same  as  llth,  only  that  the  cells  have  no 
longer  anywhere  the  same  uninjured  appearance  as  before; 
in  many  tlie  small  rods  are  not  to  be  Been. 

14th. — In  No.  1 — 3  the  cells  are  still  well  preserved. 
The  nuclei  stand  more  boldly  out  than  before,  more  homo- 
geneous. In  the  dense  crowd  of  cells  is  found,  in  many 
places,  what  appears  to  be  a  6lni  over  the  preparation ;  this 
tilni  seems  to  consist  of  a  finely  dotted  masi^,  and  also  of 
small  rods,  which  cross  one  ntiother  in  all  directions.  In 
No.  i  is  found  in  the  serum  two  small  chains  of 
monads.  In  one  place  in  No.  3  a  well-defiued  granulated 
Bitiss,  which  Bt  the  edge  shows  itself  to  be  a  number  gf 
chains  of  monads.  In  No.  4  only  a  few  of  the  cells  are 
preserved  in  one  side  of  the  preparation ;  an  immense 
number  of  bacteria  ri|;ht  in  the  middle  of  the  preparation  ; 
in  Boreral  places  a  mnut  of  immovable  rods  crowded  to* 
getber.  It  is  difficult  here  to  ascertain  the  nature  of  these, 
fijr  in  many  places  arc  found  siriall  lumps  of  etearine  crys- 
tals, but  the  former  are  found  to  be  much  more  highly 
refractive  and  of  a  more  irregular  arrangement  than  the 
steaxine  cxj-slals. 

18tb,  No9.  1 — 3. — The  cells  have  disappeared,  Wst  pre- 
served in  No.  a ;  the  finely  grnnnlated  fungus  mass  not  par- 
ticularly increased,  coloured  a  strong  blown  black  with 
oemic  acid,  like  the  brown  bodies.  No  more  chains  of 
monads  in  Nos.  1,  £. 

20ih,  Nos.  1,  2. — The  cells  always  more  fallen  away 
and  kneaded  together  in  a  massj  in  which  the  single  cells. 
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coultl  not  be  distinf^uishctl.  No  t  best  preserved,  still  no 
chains.  In  No.  4  are  tnssses  of  bacteria;  at  the  edf^c  a 
1ar^«  oiHsit  of  KOOgliBfl,  hax  made  its  a|)peBraiice,  amongst 
which  are  found  a  itn  peiitcillium  tbreadstSoat  all  events  a 
part  of  the  bacteria  may  be  uupposed  t<i  have  come  in  fn>m 
the  ouliiiile,  but  thiit  bacteria- containing  zone  has  not  eu- 
cruached  farther  into  the  prepHration  than  befure. 

Slat. — In  No8.  1  and  S  in  many  places,  in  the  middle  of 
the  preparation,  mnsses  of  zoogloea. 

March  24th,  1873. — lUtel  E-peland.  Eruption.  Punc- 
tured an  umbilicated  tubercle  that  had  become  tender  by 
the  eruption  ;  blood  and  the  whitish  ctmtenta  culltxted. 
Two  preparations  were  made.  In  both  giganticfllly  larfre 
brown  elemenln  to  be  found  ;  no  bacteria.  Water  was  addt^ 
to  the  one  preparation.  A.s  long  as  this  flows  quietly  in, 
and  the  glass  cover  be  not  moved,  no  bacteria  appear,  whilst, 
however,  a  large  portion  of  the  cells  swell  up;  by  moving' 
the  glass  cover  op  and  down,  and  pushing  it  a  little  to  one 
side,  a  large  portion  of  the  cells  break,  and  now  bacteria 
appear  in  the  fluid. 

S6th. — Fre|HiTalion  unchanged. 

27th. — In  the  preparation  to  which  water  has  been  added 
numerous  articulated  threads  are  especially  remarkable, 
issuing  from  a  brown  body  ;  the  connection  ronfirmed  by 
the  movement  of  the  plass  cover.  By  these  means  it  was 
ascertained  that  the  whole  mass  in  the  lower  element,  to- 
gether with  the  apparent  articulated  tlireads,  remained  con- 
nected in  all  pofeitiuna  of  the  funncr  (fig.  5). 

April  18th. — Ratel  Espeland.  From  a  puncture  of  a 
tubercle  on  the  forehead  ;  pressed  out  contents  of  it ;  this,  so 
firm  that  it  must  be  teased  out  with  ueedles.  One  prepara- 
tion was  made  in  salt  solution,  and  one  in  distilled  water ;  in 
both  an  immense  quantity  uf  bacteria  ;  the  cells  large.  la 
the  preparation  with  distitled  water  bacteria  aru  to  be  seen 
in  almost  all  the  awolb-n-up  cells,  some  with  rather  lively 
movements.  The  situation  of  the  bacteria  within  the  c«lw 
ascertained  in  the  most  evident  maouer,  by  getting  the 
cells  to  roll  in  the  fluid  ;  no  granules  fur  the  most  part  can 
be  found  in  the  cells,  and  where  such  is  the  rase,  they 
oscillate  with  far  greater  speed  than  the  slow-moving 
bncceria. 

20ih. — Many  bacteria  can  be  found  in  the  water  prepara- 
tion, which  are  those  with  3^-4— tf  articulations.  In  th« 
Bait' water  preparation  the  cells  arc  not  a  Utile  shrLvelled  ;  by 
the  addition  of  water  a  large  portion  of  them  are  very 
quickly   set   free ;     a   crowd     of    granules   stream    out  in 
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or  smaller  clumps,  amungst  these  a  nvimbcr  of  small 


32 — In  both  the  prrparatiuiu  abundant  makers  of  zoogloca. 

April  lOtli.— From  Iver  Surlidu  were  takeu  tlir«e  samples 
of  blood  from  the  cliwk,  in  freshly  blowu  citpiUarv  lubes, 
whicb  wera  secured  at  one  end  and  hung  up  on  a  siring  in 
the  room. 

30th. — The  contents  were  examined,  coaKi'l^ited  in  all 
three  tubes,  and  were  difHcult  to  get  out.  The  hlood-cor- 
puactee  bad  a  healthy  appearance  ;  the  red  ones  rather 
spherical,  the  white,  for  the  most  pari,  kneaded  together  in 
clumps.  In  one  place  in  one  tube  in  the  coagHlaiion  was 
fouud  a  mass  of  zoogloea ;  in  the  otiier  two  noihiug  could  be 
discovered. 

?'rom  the  various  notes  of  my  investigations  in  1S7S 
erery  one  will  be  easily  able  to  eee  tbat  I  bad  good 
reason  for  supposing  that  bacteria  appear  in  leprona  pro- 
ducts, but  also  that  I,  supported  alone  by  these  inresti- 
gntions,  could  not  propound  a  theory  on  this  subject, 
and  still  mote  decide  whether  these  bacteria  really  were 
the  Tims  which,  introduced  into  the  system,  produced  the 
disease.  In  order,  if  possible,  to  arrive  at  a  decision  in  this 
matter,  I  tried  to  inoculate  rabbits  with  leprosy  by  intra* 
ducing  portions  of  the  leprous  growths,  especially  of  the 
tubercles,  under  (be  skin  of  the  animals.  I  was  not  lucky 
ID  any  of  these  attempts,  which,  however,  as  a  matter  of 
course,  is  a  proof  against  the  suppnHttiun  that  the  above- 
named  bacteria  are  the  real  virus.  1  have  not  repeated  this 
attempt  later,  and  only  nuw  and  then,  by  examining  the 
tubercles,  have  become  coiivinceil  that  my  obsc-rvatiotiB  with 
regard  to  the  occurrence  of  the  oscillating  rod-shaped  bodies 
were  correct,  until  I,  on  reading  this  spring  Dr.  Koch's 
work,  '  UnlerBuchungeti  uber  die  ^tiulugi  der  Wund* 
infections  krankheilen,'  and  by  being  enabled  to  see  some  of 
Dr.  Koch's  preparations  of  Anthrax  baciUi,  learned  lo 
know  this  HUthor's  excellent  system  fur  the  demonstration  of 
bactvria.  It  occurred  to  me  this  summer  to  try  ether  in  the 
investigations,  in  order,  if  possible,  to  prove  the  bacterlum- 
natore  of  the  rod-formed  biidies,  and  their  presence  every- 
where where  leprous  productions  are  to  he  found.  But  I 
have  hithcrtu  (^ndcavnured  in  vnin  to  obtain  good  and  con- 
vincing preparations,  except  in  one  case,  when  I  was  able  to 
obl*iti  perft'Clly  convincing  resnlls.  Ouided  by  ilie  above- 
recorded  observations,  viz.  that  the  small  rods  become  more 
distinct  by  the  treatment  of  the  tubercles  with  osmic  acid, 
I    placed    an   extirpated  tubercle    in    this   acid,   and   have 
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obtained  from  it.  bj  coluurin([  Ibe  sections  with  methyl 
violet,  a  ftMv  prei»arauons  in  which  thu  brown  cella.  oasiljr 
visible,  also  without  colotirini;,  ap]M>ar(!d  very  shnrply  dis- 
tinguished from  the  surrounding  by  their  violet  colour 
iipiin  closer  itif^pection  they  show  a  finely  jn^milated  an 
partly  strtnted  appenrancp,  aa  if  tliey  f-(inM»ir-d  of  nmnlt  nMls. 
As  a  reason  fur  my  nmall  9ucce«ti  in  thik  work  1  rnuft  (nftera 
letter  from  l>r.  Koch,  with  whom  1  communicated  rcmpcctin]; 
it)  presume  thiit  the  reason  is  either  ihut  the  methyl  viotec 
1  use  is  not  as  it  ought  to  he,  or  that  1  hnvc  allowed  the 
colouring  matter  to  act  too  short  a  time.  These  mistakea^i^H 
Dr.  Koch  informs  mo,  were  from  the  first  committed  also  b^^^ 
Dr.  Neisser.  Dr.  Neisser's  later  and  more  successful  results 
probably  arise  from  his  having  been  so  foitunale  as  to  have 
Dr.  Koch'ii  valunbte  guidance.  1  have,  by  this  ]Treparation, 
obtained  conformation  of  my  earlier  supposition  that  the 
large  brown  Ixidies  nfter  »ll  are  nothing  eine  than  either 
maMes  of  7.oog1a-u  or  rollectiuns  uf  bacilli  which  are  enrlupcd 
in  cells.  By  looking  at  fig.  4,  which  represent  tumour- 
cells  treated  with  osmic  acid,  drawn  from  pre{>arfttiuns  made 
In  1873,  one  is  easily  able  lo  form  an  idea  how  these  aamo 
tellsf  by  a  constantly  increasing  nnmber  of  small  rods,  at 
last  become  quite  orcrlonded,  and  thus  obtain  the  appearane 
of  being  iiUtrd  with  fine  (^anules,  since  the  single  rods 
cannot  then  lie  distinguished.  I  have  already  in  my  first 
communication  to  "  [^epro^y's  Characteristics"  ('Norlh. 
Med.  .\rchiv  ,*  vol.  i.  No.  18)  stated  that  1  was  inclined  to 
rogard  those  brown  elements  as  peculiar  to  leprous  growth, 
both  on  account  of  their  most  striking  appearance,  and 
because  they  were  always  to  be  met  with  iti  all  the  [Mirt* 
afi'i'cied  with  leprosy.  Should  the  above-mentioned  supi>nsi- 
tion  ronccriiing  the  true  nature  of  the  brown  elements  prove 
in  time  to  be  correct,  their  peculiarities  will,  at  the  same 
time,  be  demonstrated,  and  it  will  he  important  to  ascertain 
the  conditions  of  cxialencn  of  these  bacilli,  in  order,  finally, 
with  full  reliability  to  remove  all  doubt  as  tu  the  real  chum 
of  Itprosy  ;  and  this,  ghall  as  before,  be  tlic  goal  of  my  work. 
Since  writing  the  above  I  have  also  been  so  fortunate  ait  to 
obiii  in  bacilli  finely  coloured  in  a  section  of  a  tubercle  burdened 
in  absolute  alcohol,  and,  acting  upon  Dr.  Kucb's  advieo, 
Binined  witli  a  stronger  staining  Htiid.  Baccilli  are  found  in 
all  parts  of  the  section,  Ptther  singly,  or  more  frequt-utly 
in  groups,  fully  corresponding  to  tlit^sc  occurring  in  the  cells. 
]  runiisli  a  drawing  of  two  groups  taken  with  Xeiss's 
immersion  system  riih,  and  eye-piece  No.  4. 
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ItoTelopm^t  of  Flanorbu. — Dr.  Carl  R«bl,  of  Vienna,  has 
published  iu  GegenbHuc'a  '  Morphul.  Jubcbuch,'  vol.  v,  a 
very  L-arefuUy  illutitmlfrd  account  of  the  development  of  the 
fresh-water  snail  Planorbifl.  In  (essentials  the  history  doe^i 
nut  di0);r  from  thitt  of  Limnieus,  ou  which  subject  Dr.  Rtibl 
lumc  time  since  published  a  less  complete  and  less  accurate 
memoir  (*  JenaiscKe  Zeitschr.,'  1875).  In  the  present 
memoir  Dr.  Babl  abandons  his  erroneoas  int«rpretation  of 
the  sbcll-gland  and  rt^ognises  the  correctness  as  well  as  the 
priority  of  my  descriptions  of  that  orf^an  in  the  Molbaxca 
generally  and  of  the  velum  of  Pulmoiiata.  Dr,  Habl  has, 
however,  faik-d  to  trace  tho  derivation  of  the  hinder  part  of 
the  embryonic  intestine  from  a  group  of  cells  adhering  to 
Ibe  margin  of  the  bU8topor«  (constituting  a  "  pedicle  of  in- 
vagination "  aa  in  the  Lamcllibranchs  I'isidium  and  Auo- 
don)  ;  on  the  contrary,  he  considers  this  portion  of  the  enteric 
tract  Iu  be  a  cwcnl  outgrowth  of  the  invaginaied  endoilermal 
tac,  which  outgrowth  piisliea  forward  bo  as  to  touch  the 
body-wall.  The  endodermal  aac  (archiMitoron)  is  only  in 
contact  with  the  bUdtoporal  margin  (according  to  Dr.  Itabl) 
U  the  anterior  or  oral  end  of  that  orifice.  Satisfactory  evi- 
deace  of  this  is  not  adduced.  Drawings  of  a  very  benutifuL 
•eriea  of  sections  are  given  in  two  plates  as  well  as  iiumi^r- 
oufi  tiaiupateut  vjuwe  of  young  embryos.  The  drawings  of 
sections  arc  perfectly  accurate,  as  I  am  able  to  state  from 
the  examination  of  a  number  Itindly  sent  to  nio  by  Dr. 
Rabl.  The  sections  are  masterpieces  of  embryulogical  niani- 
pulative  skill,  but  they  do  not  tend  to  auhstMntiate  the  view 
with  regard  to  the  origin  of  the  hinder  part  of  the  embry- 
onic intestine  which  Dr.  Uabl  maintains.  They  are  equally 
fdvorable  to  the  view  to  which  I  was  led  by  observations 
rrconled  in  this  Juuruul  iu  1874.  Dr.  Kabl  takos  so 
•trongly  adverse  a  position  in  reference  lo  the  connection  of 
the  hind-intestine  with  the  blastopore,  ibnt  he  emphaiiciilly 
denies  the  accuracy  of  my  observationB  on  the  connec- 
tion of  the  blastopore  and  muus  in  another  Giislccopod,  vix. 
Fahidiua. 


He  h  fully  awnrr  of  the  furl  thai  Profetsor  Biitsclili 
rxHinin«d  the  dcTelopment  of  Paludina  ('Z^itach.  wits.  ZooL,' 
Ti)|.  xx\x)  fur  the  i-x|irpt<»  jnirpose  of  testing  the  arcuracy  of 
my  stiiU-mciit,  and  came  to  tht  conclusion  that  th«  matter 
waa  sa  oUled  hy  me.  Dr.  Rabl  is  Mrsrcely  well  advised  lo 
imimgn  thn  corrtrctness  of  an  observation,  thus  supfiurt^'d, 
teithout  off'trintf  iliustraticf  dratttngs,  showing  what  it  is  that 
be  has  sevu  in  the  hittory  of  Ptiluditia. 

The  formatiuo  of  the  primitive  uephridin  of  the  embryo 
Ptanorhis,  by  perforated  cclLt,  (timiUr  lo  those  forming 
the  nephridia  in  adult  LumbririiR  ami  llirudoj  in  admir- 
ably  shown    by   Kabl's   oectiouo  and   drawings. — E.    H&y 
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Ori^  of  Sperm  and  Ova  from  the  Cell-lByen  of  Calentera.— • 
The  rescarthcs  of  the  bruttiera  Hertwig  {'  Organismtis  der 
MeduMn,'  Jena,  1878)  npoii  the  bistologj'  of  a  number  of 
Mpdueasliolon^ing  lo  the  group  knuwii  as  JLydromfduaa*  Ird 
them  to  the  conclusion  thai,  uniformly  iti  Medn«ic  of  that 
group,  the  genital  products  are  denve<l  from  the  Eotuderm. 
This  conclusion,  corresponding  vn\\i  that  of  Kleinenberg 
relative  to  Hydra^  led  the  Hertwign  to  consider  it  pro- 
bable that  ihc  observations  of  Ed.  van  Beneden,  Ciamician, 
and  otherci,  whicU  attributed  the  ova,  or,  in  some  cases,  the 
sperm  to  Kudoderm  in  thu  P|Miro»ac8  of  certain  hydroid 
poljfps,  were  erroneous,  and  that  the  derivation  of  the  ovi» 
and  !i]>enn  from  KcLodernt  might  be  cutuidered  as  general  for 
all  the  HydroEoa. 

Claus,  however,  found  the  spermatozoa  of  the  medusa 
t'hrjsaora  developing  directly  from  celU  of  the  Endoderm 
over  a  large  surface  of  Ihe  gastric  poiicbes  (l*oly[>cn  uud 
Qualleu  dt-r  Adria,  '  Wiener  Denkscnr.,*  1878),  and  now  it 
appears,  from  furtbei  researehev  of  the  llertvigs,  upon 
Lucernnria,  I'clagia,  and  <'harybda;»  ('  Jen.  Zeitschr.,' 
vol.  xiii,  1879),  that  in  the  Mcdusic  of  the  Liicernarian  type 
(Acraspedw  of  Gegenbanr,  or  biHter  called  Scyp homed usie, 
oa  oppotied  u>  llydromedu^ue),  the  ova  as  well  as  tlie  sper- 
matozoa uniformly  take  their  origin  from  cells  of  the  Kndo- 
derm.  This  being  the  case  it  aeems  quite  possible  that, 
after  all,  both  the  observations  of  Ed.  van  Beneden  and  those 
of  Ciamieinn  may  be  accurate,  and  ihal  in  the  Hydrozoa 
there  is  no  absolute  uniformity  as  to  the  origin  of  the  gene- 
rative products.  This,  houever,  is  not  the  vifw  taken  by 
the  Heriwigs.  Tliey  have  extended  lliuir  observations  to 
certain — a  very  limited  selection — of  the  Anthoiou,  and  fiml 
that  io  them  (various  Actinia:,  Cerianthus,  and  Alcyonium) 
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the  ova  and  the  $p«rmalozon  both  tftke  their  origin  from  cells 
of  the  EutotJetin.  Accordingly,  the  Hfrltri^li  |>ro|}06e  to 
^ncrsHsc  their  observation — a  jiroceeditig  which  appean  to 
n«  to  be  as  yet  without  juatitiratioi).  They  still  maintain — 
in  ftpite  of  the  observations  of  lid.  van  Beiicden  and  others — 
that  aii  the  Hydromediiste  develop  their  g<-nital  product* 
(rom  Ectoderm.  This  really  tests  only  on  the  observntiun  of 
ft  certain  numbec  of  medutta  forms  and  of  Hydra,  and  is  op* 
posed  to  equally  careful  obsrrvations  on  Hydractinia,  Sec, 
Further^  they  expand  their  ohservations  on  Scyphoniedusa 
(Acraspeds)  and  Anthozoa  to  the  dimensions  of  a  statement 
thnt  nil  membeis  of  both  the^  groups  uniformly  develop 
their  genitalia  from  Endoderm.  Very  possibly  bulh  these 
laige  atatemeuts  are  true,  but  euch  is  by  no  means  demon- 
strated at  present.  Huweverj  the  Hertwi^  proceed  furtherj 
And  on  this  basis  propoie  to  remodel  the  groups  of  the  nema- 
tophorous  Coelenteia.  They  propose  to  aliandon  the  division 
into  Hydrozoa  and  Aollioxua,  and  to  conntitiile  two  groups, 
one  to  contain  the  HydromeduMC  which  have  ectodermal 
genitalia,  tbe  olber  to  contain  the  Sryphomedusic  and 
Antbozoa,  which  have  eudodLTiuat  gciiitiilia,  thus  denying 
the  supposed  close  relatiouBhip  between  the  two  kinds  of 
MeduSK,  and  making  them  mere  homoplasis,  one  of  tbe 
other. 

For  the  two  new  groupB  they  propose  the  names  Rctocarpa 
and  Eudocarpa  respwtively.  Very  possibly  such  a  f^touping 
may  have  lo  be  uliiniaudy  adopted.  There  is  no  doiihl  that 
a  sharp  line  cannot  he  drawn  which  ehal)  separate  Ilydroson 
and  Anthozoa,  and  the  new  division  proposed  would  not  be 
more  wanting  in  definition  thuu  is  the  present.  At  the 
tame  time,  should  the  grounds  put  forward  by  the  Hertwigs 
prove  really  solid,  the  old  terms  proposed  by  Willi«lm  Happ, 
of  Tubingen,  for  an  exactly  similar  cUstiiHcaticin,  will  have 
lo  be  a<loptcd,  namely,  "Exoarii  "  and  "  Endonrii." 

it  18  strange  that  the  Hertwigs  should  have  overlookfifi 
iheir  couutryman's  contribution  lo  this  liuhject,  published  as 
long  ago  as  !82i>,  and  not  so  fur  from  Jemi  (' Ueber  die 
l*olyp«-n  in  AUgemeinen  und  die  Acliniun  insbesonder*/ 
Weimar).  Yet  further  do  the  Hertwigs  err  in  their  ruference 
to  the  history  of  the  investigation  of  Coelenterate  mor- 
{jhology,  for,  whilst  discussing  the  appropriateness  of  the 
old  terms,  I'hanerocarpa  and  Cryplocarpa,  for  tbe  designa- 
tion of  the  groups  which  they  propose  to  establish,  they  refer 
those  Well-known  terms  to  Edwatd  Forbes  (loc.  ctt.,  p,  6i^) 
ioitead  of  to  the  illustrious  E^chscholtz. 

The  difficulty  which  presents  itself  most  obviously  in  the 
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way  of  the  proposeil  tiev  ^ouping  of  the  OasUtUera  nemato- 
pkora  ia  found  tu  the  Ccenophoro.  Thexe  hmve  been  re- 
cently shown  by  Kaeckel  to  be  most  rendtly  explained  u  a 
peculiar  inoiIiBcutioii  of  th«  HyilntmciliiKa; ;  at  the  same  lime 
there  seeiQi  no  reason  to  doubt  tliai  their  ({eDitatia  develop 
from  ihu  eiidoderrnul  celU  of  th«  ct«iiophuntl  cauaU.  If 
thiti  he  so,  the  ort^nn  of  the  genitalia  from  this  or  that  luyer, 
would  prove  to  be-— in  the  CccLentera  at  any  rale — a  matter 
of  no  genealogical  import,  in»tead  of  one  of  primary  aigai- 
licHDce. 

An  important  churantrr,  serving;  to  unite  the  Medrnta  aera- 
apedts  with  (ht?  Anthozoa,  is  found  by  the  IIertwi|{s  in  tha 
homotugy  of  the  gustral  fiUtmuiits  of  the  former  with  the 
mesenterial  filumeuts  of  the  latter. 

Knutilar  fibre  (metoderm)  derived  f^om  Endoderm. — For 
some  years  the  record  of  observed  fact  has  pointed  to  the 
exdtmve  derivHtion  of  mii!<rulur  and  fibrous  tissues  in  the 
IlydTOU)a  and  Adinozoa  from  the  ectoderm,  the  endoderm 
being  employed  solely  as  an  epithelium  lining  the  gastro- 
vHet'ulur  Hyslein.  Uevenlly,  however,  Professor  Claua,  who 
has  in  recent  years  by  vancd  and  most  valuable  researches 
done  so  much  Cowards  placing  our  knowledge  of  the  Hy- 
tlro7.oa  oil  a  secure  histological  basis,  showed  that  Halis- 
tcmma  possesses  in  its  axis  a  delicate  layer  of  ring  muscula- 
ture derived  from  Kndoderm  ('  Arbeiten  aus  d.  Zuol.  Institut 
der  Universitat,'  Wien,  vol.  i,  1878).  This  observation 
has  been  followed  by  the  deliiiile  observation  on  the  part  of 
the  Bertwigs  (loc.  cit.),  to  the  effect  that  in  the  Anthozoa 
(Actinii,  Curiauthus,  &.C.)  the  musculature  is  chie&y  derived 
from  Kiidoderii)^  and  only  a  small  layer  from  Ec-toderm. 

If  this  observation  ehould  prove  to  be  thoroughly  well 
founded,  we  have  a  new  basis  for  the  interprctiitiuu  of  the 
facts  now  known  as  to  the  origin  of  muscular  and  connec- 
tive tissues  in  the  higher  anitnnls,  the  Cwlomata  or  Tri- 
ploblastica. 

Seoe&t  KesearcheB  on  Baoteria.^In  a  r/»um/  which 
we  recently  gave  (this  Journal,  vol.  xviii,  p.  455)  of  the 
recent  contributionn  to  our  knowledge  of  this  most  impurtaut 
group  of  organisms  we  omitti^d  to  make  any  meniion  of  the 
important  researches  of  Dr.  Alb.  Kitz,  of  the  Chemical 
liistitulu  in  the  Uiiivereity  of  Strasburg.  These  have  been 
published  from  lime  to  ume  in  the  '  Uerinlitc  der  Dculschen 
CJhemische  GesHlschaft  i!u  Berlin  '  from  1676  up  to  the 
present  time.     Dr.   l''ilx  has  inveetigatcd  from  the  cliemical 
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point  of  view  the  fetmentatioiis  caueod  by  rariotty  ScliJzn- 
mjceia,  am]  nlso  that  due  to  Afucor  racemosM.  One  of  his 
most  iTn|>ortnnt  n-Rults  (piihljfhrd  in  1S7A)  i»  that  glycerin 
in  tVie  presence  of  culctc  carbonate  viiter*  into  fermeutalion 
by  the  agency  of  a  Bacti'iiuin.  Th(>  eliief  priHlncts  of  the 
ferroc-ntation,  in  addition  to  cnrbonic  acid  and  bvdrnjfon,  »ro 
normal  biilyl-alcobol  nnd  tiornmt  butyric  acid.  As  by-pro- 
(iiictf  are  ptudiiced  nho  in  very  small  quantity  ethyl-alcohol 
and  one  of  the  higher  fatty  acidi^j  probably  capronic  acid. 
The  Bacterium  of  this  particular  fermentation  has  the  form 
of  a  Bacillus.  It  is  on  the  uvera<^e  two  micromilliitieters 
broad  and  five  or  six  long.  A  smaller  Bacillus  occurs  with  it 
in  glycerin  fermcnt-ition,  to  which  is  probably  due  the  pro- 
duciiouof  theelhylic  alcuhol.  Dr.  Fiufouud,  moreover,  tlial 
the  remarkable  Bacterium  which  gives  the  blue  green  colour 
to  old  pui,  can  aUn  excite  fermentation  in  glycerin.  He  culti* 
vated  thiB  organism  from  pu>  by  irsnsference  to  a  solution 
containing  c-atcium  lactBte  and  food-salts  (ummouium  chlo- 
ride aa  a  nitrogen  food).  In  a  auccegsful  cultivation  he 
obtained  noi  a  coloure*!  solution,  but  a  colourless  reduclinn- 
product  of  the  colouring  matler.  Only  on  the  surface  was 
there  a  blue  tint.  Thitt  whs  due  to  the  access  of  oxygen  to 
ibi*  aiitface,  for  when  the  solution  was  agitated  with  atmo- 
Bpherio  air,  it  immediately  assumed  a  deep  blue  colour, 
like  that  of  the  solution  of  copper  sulphate.  This  pus-blue 
colouring  matter  is  soluble  in  water,  is  turned  red  by  acids, 
and  by  alkalies  again  blue.  It  is,  therefuru,  Bimilar  to  litmus. 
The  Bacteria  which  produce  it,  and  muluply  luxuriantly  in 
the  folntion,  nre  small  elliptic  botlics,  about  one  to  one  am)  a 
half  micrumillimeters  in  length,  and  generally  occur  in 
couples. 

Dr.  Fife's  further  researches  on  the  fermentation  of 
erythrite,  mannile,  gelatiu,  and  albumen,  as  well  as  tliosG 
OD  butyric  nnd  propionic  fermentation,  are  of  the  greatest 
iinjjortanre  and  interest. 

The  separate  tract  of  Dr.  Robert  Koch,  entitled, '  Unter- 
Hchungen   iiber  die    ^'Ittotogie    di-r  WuniliiireclionfikraTik* 

ten*  (Ijciprig,  1878),  is  worthy  of  the  most  careful  study 
from  all  persomt  interested  in  the  prngte*)*  of  knowledge 
relative  lo  the  &ll-im|H)riant  Bacteria.  In  a  first  scries  of  (ex- 
periments we  have  an  iiivestigniion  of  septicirmia  produced 
in  mice  by  injection  of  putrid  blood  or  infusion  of  meat 
beneath  tbeekin.  Death  in  some  cases  resulted  in  fromfonr  ro 
Hghi  honrs,  being  due  not  to  the  mulfijjUnfttion  of  Bacteria 
but  to  the  poisonous  matter  (sepsiin)  produced  by  thern  and 
injecteil  with  tbem.     In  other  cases^  death  resulted  after 
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fifty  hours,  Oip  BMU-ria  (a  bacillus  form,  one  mino- 
niillinif^ier  in  length)  bavtog  nmltiplivd  iti  tbe  blood  niitl 
crowdeil  the  vessels  of  all  organs  of  the  body.  One-tenth 
of  a  drop  of  the  blood  of  an  animni  tlius  afftxrted  siiJlict^d  to 
convey  the  infection,  and  it  wiis  Imuded  on  thus  for  seven- 
teen generation  B. 

A  diMtinrt  di*ea»e — gangrene — was  induced  in  some  of  the 
miceexperimpntetl  on,  and  this  was  found  to  be  accompanied 
by  the  appearance  of  mirrorotu^i  (minute  spherical  Hacteria 
occurring  in  chains  and  raassesj.  These  are,  in  all  prolta- 
bilily,  a  form-phase  of  the  septicsemic  Bacilli,  which  are 
their  necessary  predecessors,  but  the  ^licrococci  difTiT  not 
only  in  form  but  in  pathological  activity  from  the  Bacilli 
which  generated  them. 

In  mbbits  by  injection  of  putrid  blood  a  subcutaneous 
abscess  could  be  produced  without  infection  of  the  bloo<I. 
The  disease  oould  be  propagated  by  injections  of  the  fluid  of 
the  abFceSK  which  contniiieil  mierocni^ci.  From  putrid  fliiiil 
obtained  hy  macerating  a  mouse-skin  in  water,  pyicinia  was 
produced  in  rabbits  which  could  be  propagated  by  injection  of 
■jigth  ofadropof  the  blood.  Micrococci  (notforniing  chains  nor 
zooglira  masses)  characterised  this  particular  kind  of  pytcmia. 
Another  dcpticicmic  condition  was  obtained  in  rabbits  by 
subcutaneous  injection  of  putrid  meat,  and  found  to  be 
characteriaed  by  large  micrococci  (one  micromillimeter  in 
diameter).  This  was  cnmmunicable ;  but  another  IotmI 
erysipelatous  condition  of  the  tissues,  obtained  by  injecting 
iiiuuse-dung  infusion  beneath  the  ear  of  the  rabbit,  whs  not 
inoculable,  although  the  tissues  of  the  ear  contained  large 
numbers  of  Bacilli,  three  micromilliinetere  in  length. 

These  investigations  arr  of  the  hig)icst  importance,  as 
showing  tirstly  that  a  variety  of  infl»fmmatory  diseases  may 
take  tUvii  origin  by  the  access  of  certain  Haeteriii  to  wounds  ; 
secondly,  as  showing  [hat  the  particular  form  of  Bacterium 
in  each  case  can  he  distinguished.  The  derivation  of  the 
micrococcus  of  necrosis  of  the  mouse  from  the  Bacillus  of 
eeplicannia  of  the  Huine  animal  is  aliio  a  result  which  hac 
great  significance. 

Dr.  Koch  is  not  able  to  admit  in  the  case  of  eeptiriemia 
that  the  viruU'nce  of  the  poison  increases  with  each  succes- 
sive inoculation.  This  he  admits  only  tip  to  the  third  inocu- 
lation as  a  rule,  and  attributes  it  in  accordance  with  the  most 
probable  analogy  to  the  history  of  viirious  beer-fermenl« 
•ludied  aitd  separated  by  Pasteur,  to  this  fact,  namely,  that 
jupt  a«  with  beer-yeastft  so  with  septicsemic  ferments,  cuUi- 
Tation  by   iterative  minimal  inocuLattoa  ta    their   specLally 
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appropriate  mciIU,  sctym  to  purify  the  apefific  ferment  from 
fnjiiTious  iiitcrferiii|f  fcrmciits  nf  other Rpt-ciM. 

M.  Paul  \kv\  (' Cumptcs  Renrlu*  S..r.  BioloKw,'  1879, 
p.  355}  faftn  been  led  by  some  experiments  on  the  bliXKl  of 
animals  infcctPil  with  Anthrax  (Bacillus  anthracis)  to  con- 
clude that  sucb  blood  may  contain  Iwu  poi;«otiou9  elcinciils,  the 
one  similttr  in  nature  to  that  of  cow-pox  and  glanders,  non- 
organi6e<l,  and  precipitalile  by  ah^ohnl  aiul  of  a  highly  virn- 
lent  character;  the  other  consietinf;  of  the  micro-paranites 
knowu  as  BaciUnt  anthracis.  The  Krst  [loison  which  can 
be  obtained  free  from  the  second  by  8iibjreiiiii»  Anihrax- 
blood  to  eomprcssed  oxygen  for  two  days  (which  desiroyi 
the  Bacilliiii)  causes  death  when  introduced   into  a  guiiiea- 

Eig  in  about  twelve  hours;  the  second  requires  about  thirty 
onrs.  These  results  are  quite  in  accordance  with  ih?  germ- 
theory  of  euch  diKeases,  and  with  what  is  known  io  general 
as  to  the  praperlies  of  organised  ferments.  The  Hiicteria  or 
organised  ferments  undoubtedly  produce  poisotious  matter, 
such  as  the  seiwiii,  now  rfoiguiscd  for  some  years,  and  above 
Doled  by  Dr.   Koch.     Such  oiattcr  tnay  act   directly  as  a 

E>ison   or  the  poisonous  efTccts   may  be  retarded    until   the 
acterium  has  multiplied  and  produced  larger  quantities  of 
the  toxic  material. 

It  is  exceedingly  probable  that  soluble  ferments  are  pro- 
duced in  a  similar  way  by  many  Bacteria  associated  with 
fermentative  chauj^es  such  fur  instance  as  that  of  urine. 

The  Ttactcria  which  normally/  infest  the  liuman  body  must 
be  exceedingly  numerous  and  varied  in  form  and  properties. 
At  present  they  have  not  been  fully  n-cuguised.  Mr.  Uutlia 
(*  Proc.  Royal  Society/  1879)  has  made  a  beginning  in  de- 
scribing those  which  infest  the  mouthy  and  which  are  the 
chief  constituent*  of  the  fur  of  the  tongue.  Mr.  Itulliu  finds 
SRrctna,  Hacteriuni,  and  Spirtrchietain  the  mouth,  but  chiefly 
mirrococcuB  and  Dacillua  subiilis. 

We  have  yet  to  obtain  from  some  careful  worker  with 
high  power  objectives  an  anctjunt  of  the  forms  of  Hacteria 
present  in  the  contents  of  the  large  intestine  and  other 
passages  of  the  body.  Further,  the  different  protecied 
surfaces  of  the  skin  offer  an  interesting  licld  for  study  in 
relation  to  this  auhjcct.  The  axillic,  pubee,  and  even  the 
scalp,  have  their  special  saprogenous  Bacteria,  whilst  the 
epidermis  of  the  prepuce  and  of  the  plantar  surface  of  the 
foot  is  occupied  by  Bacteria-ferments,  specifically  connected 
with  the  higher  fatty  acids. 
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Pablications  of  the  Zoological  Itutitnto  of  the  TJnJTenity  of 
Yienna — We  desire  to  draw  the  atietiiioii  of  our  readers  to 
aa  importfiDt  series  of  memoirs  published  under  the  direc- 
tion of  I'rufessor  Clau8>  of  Vienna.  A  very  Urge  amount 
of  6rst-raie  zoological  research  is  now  being  carried  oa 
under  the  direction  of  the  Vienna  profeeaor  of  Zuologr.  He 
not  only  holds  his  important  chair  in  that  city  but  tiaji  the 
zoological  station  of  Trieste  undt-r  his  direction,  and  both 
he  and  his  pupils  hare  uiade  ample  lue  of  these  Que  oppor- 
tunities. Among  the  memoirs  ivhich  have  appeared  in  tho 
*  Arlwitun  bus  d.  Kool.  Instit.  der  Unir./  Wien.are  chose  of 
Claus  on  Ilaliiiteroma,  on  Charybodea,  and  on  Fhronima. 
These  memoirs  are  riot  published  in  any  othei  periodioat  ox 
society's  proceedings. 

Hew  Biological  Joornal.— On  the  first  of  January  will 
appear  a  new  biutof^ical  journal,  published  in  BruHsels, 
Professor  Edouard  Van  Bencden  is  one  of  the  editors;  ihe 
journal  will  be  chiefly  devoted  to  original  memoirs  and 
similar  in  scope  to  our  own.  We  have  great  pleasure  in 
commending  the  new  Belgian  journal  to  the  attention  of 
faistologists  aud  embryologUts. 
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DcBLnt  Htcboroopio&l  Clod. 
2-%rh  April,  1879. 

Bloigeltia.- — Dr.  E.  Forciral  Wright  oxiiibited  iomo  fresblj 
tBonntcd  Bpecimena  of  Biodyettia  confervoideM  of  Uan'ey,  wliich 
he  hail  prepared  from  specimens  recently  collect^  a>t  Kej  West 
br  Mr.  Fariow,  and  sent  to  him  preserved  in  alcohol.  These  verj 
clearljr  showed  that  strings  of  sponts  referred  to  by  Harvey  wore 
parte  uT  a  parujaitie  iilant  liriiig  in  the  eulls  of  Ctadophora 
evtpitota.  Thit)  jmrositv  would  suuu  to  cotmiet  of  a  bcriua  of 
dolicale  threadlike  hypbte,  with  hero  and  thore  oalorgcmunts. 
I'or  this  FuQgoid  form  Dr.  Wright  would  retain  the  geiiorie 
term  Ulodgettia,  of  cours"?  with  a  new  diagnoeis,  and  he  would 
venture  to  call  the  HpecieH  after  Dr.  Uoniet.  In  addition  Dr. 
"Wright  read  a  Iottt»r  recuivod  tliat  very  morning  fratn  Dr. 
Hornet.  AUudin^;  to  tbi-  memorandum  about  this  plant  in  thu 
flub  Mijiutwi  for  March  23rd,  1H70,  Dr.  Bornot  wished  to 
correct  the  statvuieot  rf  fV-rrud  to  thore  oe  baviiij!r  bi.*eii  iiiaule  by 
Lim,  on  the  anthuHty  of  Mr.  Kiirlow,  to  thu  effect  t)ml  illou- 
g«ttia  wa«  an  untcellulu  form  of  paninite.  It  wan  moot  obviout»ty 
nothing  of  the  sort,  but  a  funnua  with  branching  hyphne. 

Codcinoilucia  Sol,  Wallich, y'r^wi  Sea  qf  Java,  exhihited. — Rev. 
E.  O'Mcara  exhibited  spL-cimens  of  the  rare  diatomaceouB  form 
Cotcinoducut  Hot,  Wallich.  Thcae  wore  found  on  slides  from 
material  gathered  Ja  the  Sea  of  Jam  and  mounted  by  Professor 
T.  P.  Clevtt,  of  TJpsalft.  The  form  in  not  cnunieratetl  by  Pro- 
fenor  Cleve  among  the  many  new  and  interesting  speciea 
discovered  by  bini  in  gatberlngn  from  the  Sen  of  Java. 

Anthelia  Tttrneri,  Dumortior,  from  Kfttl,  exhibited.  — Dr.  Moore 
showed  an  examcile  in  fruit  of  the  very  rare  British  species 
Anthelia  TurTien,  Duraortier — Jungermannia  2\irnen,  Hoolc., 
Br.  Jung.  ThJB  was  first  found  near  Bautry  by  the  lat«  Miss 
Hulchina  iu  1811.  Dr.  Taylor  remarks  in  Vior.  Hib.  (1830), 
*'  This  plant  hiw  never  bwn  ween  growing  but  by  its  discoverer." 
Dr.  Moore  stated  he  had  ofttMi  oeurched  fur  it  when  botatiisiti^ 
iu  thu  South  of  Ireland,  but  never  succeeded  in  tindin-^  it^  It 
hae,  however,  been  found  in  France,  iii^uordiug  to  Duinurtier  in 
•Hopat.  £urup.'  (1871).    The  specimen  now  shown  camo  from 
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North  Kent,  and  wm  found  bj  H.  Datim,  B*q.,  of  Brighton, 
wlio  cent  it  to  Tir.  .M<M>re.  Titke  its  cnnic;eDcn>,  this  formK  & 
T«ry  neat  and  pretty  littlo  objoci,  though  tlie  prcAciit  example 
had  beeooke  t«o  dried  aud  bnttio  to  onable  oue  taWj  to  rvalue 
iti  elegance. 

Grost  Sretion  of  the  Spinf  of  AeantXaater  eekiiutet,  ElUs  et 
8olander,  wa«  cifaibitod  hj  Mr.  Mackintosh.  Tho  geani  is  re- 
markable for  the  no9fieaHi(in  of  numentua  madrepunc  bodies  and 
B|>inei  with  double  articulation,  wbicb  tn  toctioo  abow  a  pith 
with  rather  lar^r  interapacoa  than  are  iteen  in  the  peripheral 
part,  which  is  covered  oxtemflllj-  by  a  tolerably  thick  akio.  There 
wcro  no  indicatiuna  of  tho  t^olid  vedge«  which  form  so  oharac- 
teriittic  a  feature  in  the  apines  of  Sea-Urcbiua. 

ProbUmaiic  cotttm-Uke  branched  fibrous  $tructur«,  exMibttei. 
~-Mt.  Archer  drew  atteation  lo  a  problematic  piece  of  orgaai' 
MtioD,  met  with  iu  ati  aquatic  j^thertug.  reeembliag  a  tittle 
"  tree  "  uf  colourieati  cottuo  libre,  haviug  encloaod  in  tJie  eteoi  and 
branchea  and  runuiog  luDgitudioaUy  therein  one  or  more  onaque 
aud  shiuiDg  wire-like  fibres,  theae  apparently  very  brittle,  oeiag 
often  here  and  there  seemiiii[Iy  broken  into  short  lengtiis;  the 
apicee  of  the  bronvhcn,  which  proceeded  in  a  tufted  tnaanm'  from 
toe  central  stem,  were  »ppareuLly  graouliferous,  the  parte  lower 
down  hyaliae,  and  more  or  leii«  Battened  atul  twut«d~-the 
question  waa,  what  could  tbia  thin^;  be? 


22ttd  May,  1879. 

8ptrmati£  alaUof  Y^>hox^  ahowiug  the  groups  ofvpermatoioidfl 
and  the  yellow  ooapomx,  were  exhibited  by  Mr.  Arober ;  uo 
meeting  of  the  two  ttlementa  had  been  noticea. 

Berkle^ia.-~V)t.  E.  P.  Wright  rend  a  lutter  which  be  had  re< 
ceited  from  Dr.  Griinow  in  refprence  to  the  alpal  form  exhibited 
by  Dr.  Wright  to  tho  Olub  in  May,  lti76.  This  form,  from  Dr. 
Hanrey'a  »iendly  Itlaud  Collection  of  Alge,  had  been  deaoriWd 
by  Dr.  Griinow  in  the  Botany  of  tho  No»ara  Keiee  aa  Berkleyia 
Manuj/ana,  which  fact  had  been  overlooked  by  Dr.  Wright  in 
1676l  At  Dr.  Griinow 'a  re*iue«t  he  had  again  carefully  and  in 
niauy  waya  examined  the  type^Bpecimt^nti,  and  he  now  exhibited 
mounted  prepArationa  thereof,  aonto  in  glycerine,  eume  aitoply 
burnt,  and  Bomo  cleared  with  wvah  acid.  In  none  of  tbeae 
woa  there  a  trace  of  eilei  to  be  seen,  unlesa  here  and  there  an 
odd  Btruy  fruntule  of  a  Navicula,  a  Diatoma,  or  a  Surirella.  in 
addition  Dr.  Griinow  bad  very  kindly  forwsrded  some  mounted 
epecimens  of  his  species,  of  the  nature  of  which  tbero  conld  be  no 
doubt,  they  being  decidedly  siticooua  fruatules,  in  alt  probability 
quite  correctly  aaaignod  to  the  genua  Berkieyta  by  Dr.  Griinow, 
50  that  now  the  question  ntood  thus  :  IterkUuia  Harregantu 
Qriinow,  wau  a  diatom  from  tho  Priendly   lalanda.     But   the 
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AJgii  ?  quam  paradoxn!  of  Hnrvej  was  not  a  sjnoOTin  tfacreuf, 
ktta  tills  latter,  a  maw  of  nemi-coufuMtl  con^ries  of  grecu  (phycu- 
cbromnceoua  r)  celU.  was  ntili  to  be  di^flcnbeii. 

SeefioH  of  Larynx  of  IlHmtm  Feetua,  exhibited. — Mr.  B.  WiUa 
HicKftrdffou  exhibited  with  a  Qu«k)^tt'e  (liBaectiog  oiicroKope  uud 
one  of  Cburlcv  Baker's  2-iucIi  objectives  oulj,  so  that  the  whole  of 
tb«  object  migbt  b«  aeea,  r  ufusd  eectiua  ul  tiio  Jaryox  of  a  tiitte 
iDoalhs  faumui  ftetus.  lu  the  speciineu  the  most  slrikiue 
structures  were  (1)  MHions  of  the  thyroid  ittid  thu  arjrtrtmia 
carliltif^vs ;  (2)  the  laryntjval  (wucbes ;  (8)  the  |tharrnx ;  (4) 
portions  of  notae  of  the  intrituic  mtt»cl«»  of  the  larjiix ;  (o)  the 
Wyoge*)  columnar  epitbeliuiu ;  aod  (U)  muoouH  (^Iniids. 
Tbe  tpectiB«o  wu  a  triple  stainiDg  made  with  corfniot.',  picric 
acid,  and  madder,  the  latt«r  beiug  an  CK^ellent  medium  for 
■tainin^f  cartilage  cells,  their  nuclei  und  nucleoli. 

The  se>ction  was  a  striking  illustration  of  the  great  assistanco 
that  ma;  b«  derived  from  the  u^e  of  tbf  freezing  microtome  in 
Biinut«  anatomicfl]  research,  for  it  is  difGonlt  to  conceire  that  so 
cnren  a  section  could  be  mute  without  the  greatest  difficulty  by 
any  othor  methods  with  which  wc  were  familiar.  Moreover, 
Hr.  UichardsoQ  observed  that  Bcarucl)-  a  bit  of  the  larvnx  was 
wasted,  as  be  succeeded  without  auj-  trouble  in  cutting  t^o  whole 
of  it,  the  tenuity  of  all  the  sections  being  nbout  the  same  ns  the 
one  be  exhibited.     It  was  mounted  in  Klein's  dammar  solution. 

Oneu  teetion  of  tJte  aptne  of  Ibsopneuaian  varieyatiu  (Lnmk.) 
was  BbuWD  by  Mr  Jkliurkintojth,  who  called  attt-ntinn  to  tba 
diSereneee  noticeable  between  it  and  the  Bpine  of  T.  mwulaiu4, 
A.  Agaas. ;  ihpsB  are  rhit-flr  the  It^A-ior  ext'eut  of  epithelium  in  the 
fomor,  the  moro  gradual  inrrease  in  sJui  uf  the  nolid  wtidges  iuid 
the  marked  Sgur»-of-8  shape  of  the  peripheral  wedges,  tJiosu  of 
T.  oMCHtatua  being  oval. 

Mr.  Archor  announced  that  the  lloyal  Micruseopical  tJoeiuty  of 
London  hod  done  the  Club  thu  honour  to  "iioniiuato  it  umlur 
ibti  bye-law  relating  to  es  officio  Fellows,  and  ibe  name  liaving 
b«ea  approved  of  hy  a  Guieral  Meeting,  its  President  for  tbo 
time  being  is  entitled  to  the  privilagei  of  an  es  q^cia  ^VIIow  uC 
the  >3ociety  ;"  and  it  was  resolved  that  tlie  uinrked  thanks  of  this 
Club  be  cuiiiiiiuuieatrd  through  the  iiiecrntary  of  the  linyal 
3licroBcoptcul  Society  to  that  body  for  the  disliuguishod  honour 
ihui  couferrvd. 


11)M  Jwflfl,  1870. 

The  ituti'd  mei'ting  appointed  for  abuvi*  evening  was  not  held 
oning  to  the  Very  Hudden  and  uuch-lnmented  dentJi  of  Vr.  Duvid 
Aloorc,  F.L.H..  M.K.I. A.,  Director  of  the  Botanic  (jardcna, 
Ula-inevin,  for  many  years  u  highly  eBtuciued  member  of  ttia 
Club. 
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July  2*lk,  L87I1. 

Xanthidium  Rohintonianum,  Archer,  thoanfrom  a  nrw  miJtaatl 
Irith  localUy. — ^Mr.  Cruwu  Bbowt-d  esmnplen  of  Xnitthuliunt 
Saliiiuonianvm,  being  the  fourth  Oi-(»eiun  tbis  form  hu  as  ret 
been  mot  with;  &nt  found  hy  iSr.  Archer  in  t-o.  Annftgh, 
tbeu  in  CO.  DdUL'gol,  aflerwArdfl  by  Mr.  Crowo  at  nii-ngariffe,  and 
now  ia  CO,  Kiiilure,  tbia  well-marked  little  Hpeoivii  hiis  not  vrL 
been  taken  out  of  Ireland.  Altbougb  it«  diistnbutioa  in  thus 
wide  iu  this  ulmid,  it  must  Btill  be  aceouoted  u  very  nn.  Tbo 
form  is  omall,  »eniiceU»  trapezoid,  the  rounded  angles  crowned  hy 
a  few  minute  spineo,  central  elevatiua  of  the  nemicells  boariog  » 
few  irreguiarlv  dispuKed,  rather  coriBpicuQua  granules;  lower 
margins  Btniiglit,  islbmiiB  uliKhtly  elungated,  conHtrietion  thus 
forming  u  [)arallel  and  straight  division  between  the  aenticiills. 
A  more  detailed  description  will  be  |;ivQn  on  another  oecaaion. 

Triehia  elavata,  IVreuon,  was  exhibited  by  Mx.  O.  Pirn  ;  this  wan 
found  growing  on  mow  in  an  orchid  bn«ket  m  his  etove.  This  form 
comee  under  the  f^eoiia  /£rmiarct/ria  of  liostoGuski,  which  dilTerB 
from  Arcyria  in  liuviug  the  capillilium  in  spirals,  as  in  Triehia, 
aud  from  I'richia,  detinfd  by  him  iu  having  the  spiral  combined 
into  a  dc'uae  network  einiilur  to  Arcyria.  This  proved  to  be  the 
fully- dHvelapud  form  of  the  immature  inysomjcete  shown  at  a 
previouK  meetinj^  of  the  Club.  It  waa  abundant  on  tho  wood  and 
moes  for  many  weeks.  It  formed  &  very  pretty  ubjucl  viewed 
either  with  a  low  power,  so  att  to  embrace  th«  whole,  or  with  & 
hifjber  one,  so  as  to  exhibit  the  Htnictiir«  of  the  capiilitiiim, 

Seciian  of  Limeatone  from  OyraJina,  Hank*  of  the  Danube, 
txhibitrd. — Profcesor  Hull  exhibited  a  tliia  slice  of  timeittont* 
ft-Din  the  banks  of  the  BanubL-,  near  Ogradina,  considered  to 
be  of  Cretaceous  ace.  The  rock  from  which  this  was  taken  risen 
in  masHiTe  olifft^  ahoTe  tho  left  batik  of  that  river,  where  it 
traverses  the  Kastem  Carpakhinns.  As  Dr.  Hull  could  discover 
no  tmcea  of  fossils,  he  had  hoped  a  thin  section  would  probably 
(aa  in  the  case  of  onr  chalk)  exhibit  a  foraminiferal  structure, 
but  this  expectation  bad  not  be^n  fulfilled,  as  no  oi^nio 
BtrucLuroa  were  visible  under  the  microscope  in  the  seLrtious 
exhibited.  The  tnliro  field  conoiatB  of  amnll  particles  of  caU-ile, 
which  polaridc  with  tho  usual  opulcaoent  colours,  aud  fit  into  caoh 
other  aloii^  irregular,  but  genemlly  straight  mnritins.  A  high 
power  shows  the  ]iiirticles  of  calcite  to  be  cellular  In  aomo  cases, 
aad  to  be  traversed  by  cleavage  planes  iu  othei-»,  Veins  of  caleite 
also  occur.  We  must  assume  the  absence  of  organic  striicturu  to 
lie  duo  to  the  entire  replucemi-nt  of  the  original  nick  by  IViieign 
matter,  hut  of  sunilar  cumpositiim,  assumiuf;,  what  is  generally 
admitted,  that  all  limestonu  forniatioHH  arc  of  organic  origin. 
Tbo  rcpIaccniL-nt  of  the  orlgiuul  orgau1^ed  Hlructurc  by  crvi^talliue 
calcite  is  evidently  a  aub.-(.'([ut'ul  jirocoss  of"  nietamorpbism/'  of 
irhich  the  specimeu  exhibited  atfotds  bu  illuatratioo. 
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2ZniOetvher.  IBTQ. 

PeeuUarily  in  TTitlalogictU  Structure  of  Spine  of  Echinothrim 
yurearum,  Peters. — Prof.  H.  W.  Mackintosh  exhibited  a  crow  •«?• 
lion  of  the  spine  of  EeAiaotkrix  Tureamm,  Potent,  itnd  called  atteil' 
tion  to  a  peculisritj  in  its  atructure,  of  which  thin  ww.  eo  far,  the 
onlj  Mainple  he  had  mot.  In  the  nonnal  npine  the  solid  wrd|!e« 
arc  coeiteniiTc  with  the  network  between  them,  but  in  this  form 
they  were  produced  bejond  it,  reminding  pac  somewhat  of  the 
arrangement  in  tlin  apinc  of  Ec/iinuM  Uvidua.  The  specimen  from 
which  the  apine  had  been  taken  formed  part  of  &  eoUection  niado 
by  Profesaor  E.  H.  Wright  in  the  Seycheliee,  which  had  been 
presented  by  him  to  the  ifuiwum  of  Trinity  College,  Dublin. 

A  neie  Unicellular  Epipkiftie  Oreen  Marine  Alga,  exhibited, — - 
Dr.  E.  P.  Writjht  shtiwed  specimens  of  a  lie*  unicellular  epU 
phytic  green  marine  alga  fuund  allaclied  to  larger  forms  in  rock- 
pools  at  Howth.  This  was  a  sub-globoao  or  balloon. shaped,  or 
sub-quadrilateral  thick-walted,  form  ol^en  showing  empty  celts  still 
attaciied  by  their  lower  estremity,  their  contents  evacuated  aa 
zoospores.  Thus  thia  would  be  to  a  great  extent  like  Characium^ 
bul  the  forms  there  included  are  stipilate.  It  called  to  mind  a 
form  found  by  Mr.  Archer  some  few  years  ago  in  moor-poola  io 
Coouemara  and  attached  Lu  coiifi-r voids,  bi:t  tl)e  cells  wero  cubical, 
tbua  presenting  aquatlrilaterul  uutliue  and  tJiucxuuiplus  atlaL-hed 
(•ODwtimcs  in  rova)  bv  thu  whole  ut  the  base  iu  it,  fonuuig  the 
Icmgeit  diatnoter. 

Mootliaira  inside  tha  roaitheatha  in  AzoUa  pinnaia. — 
Dr.  McNab  exhibited  roota  of  AzoUa  pinna/a.  Hliuwing  (he 
BbMtb  with  the  numerous  root-haira  developed  inside  the  inner 
eheulb,  and  held  down  hy  it  with  their  apLuea  pointing  to  the 
apex  of  the  root  until  they  are  liberated  by  the  clongiitiou  of  the 
root.  There  liairs  are  produced  in  regular  whorls  close  to  the 
growing -point,  but  by  growth  of  the  asio  their  regularity  is 
disturbed.  Straaburger  menlious  that  lu  AxuHa  piunttta  tliu 
■heath  breaks  up  and  gives  the  rout  a  pEumoae  appearuuce. 
Nothing  like  this  could  be  obeerved  either  in  young  roots  or  in 
tbuBti  whiub  bare  lost  the  root  cup.  As  Strjsburger  does  not 
dcacribo  any  root  htiirs  ou  these  plants,  it  is  probable  that  they 
hare  been  overlooked. 

Micratleriat /areata,  exhibited. — Mr.  Archer  showed  »n  example 
of  Micrtuieria$ /urcafit,  one  of  the  n)08t  rart*  r«  well  as  the  most 
beautiful  of  the  Desmidies.  He  hud  himpelt'  seen  probably  io 
ail  not  half  a  dozen  eintnpleH  of  this  fine  Sjiecie^,  aIwn}'M  from 
i'unuemaru,  and  wbiili  aj>()eani  (juito  distinct  fruin  J/,  Crttx. 
Mefi/eati*,  itnelf  rcrv  rnre,  but  cropping  up  aometimes,  mainly  ni 
CO.  Weslmeath  galheriiigs. 

Trirhia  fallai,  exhiliitert. — Mr.  Greenwood  Pitn  showed  Trichiu 
Jiallfts,  T»r.  oerina,  from  hia  wtove  at  Moiikiitowu.  Tbijt  forei 
difr«rs  from  T.  chryfoatUnna  in  havitig  much  finer  and  mure 
dcltvate  apirul  eUiers,  which  are  c}'liu<Jrical  and  tnper  abruptly 
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to  ft  point,  irhilc  thoM  of  T.  eikrymuptrma   Mpcred    Knulaa]l|tl 
from  the  miiiJlu  to  each  end — tho  srwros  bein^  ([uite  Btnooth  ia 
tbo  fonoAr  uitl  minutely  fchinulati'  m  tho  latter. 

Zifyotportt  of  Xitnlhitliuin  Jiobiiuonianum,  ejchihiteid.  —  Mr. 
Crowe,  flhoweil  the  zygoupure  of  thJH  spoi:iea  in  cootiuuatiuD  of 
bis  cihibition  of  the  |ULront  form  at  Iubi  nieetlnt^;  tfacttfl  he  liaJ 
since  dincorered  in  another  guthering  iiiado  on  the  nauie  occasion. 
They  are  nrbicuhir,  bi>Bet  with  clungate  very  eJuader  spines,  triBd 
at  apes,  ilightly  dilated  ut  ba^e ;  tho  contents  of  the  spore 
present  a  somewhat  olive-greeu  or  bronzy  tiae,  reuderiug  tbe 
appenmnco  somewhat  marked.  It  is  therefore  interfsting  to 
bave  fnond  the  zygoepore  of  thi'a  B|>ecie8,  wbicb  is  really  rare 
in  Ireland,  tbougli,  as  seen,  widely  diffuatrd,  but  jet  it  does  nut 
seem  to  have  been  met  with  out  of  thi«  inland. 

Nodote  Uairt. — Mr.  B.  Wills  Kiohttrd8i»u  exhibited  two  mounted 
slidtis  of  human.  Qodusu  b&ire  which  ot.'currvd  in  tho  practice  of 
l)r.  Waiter  Smith.  The  epecimeus  ou  one  of  the  slides  were 
from  the  buad  of  a  young  la'Iy  of  uinet«en,  and  on  tbo  other  wero 
from  the  head  of  a  boy  of  seven  years. 

Similar  Bpeciineas  irom  the  girl'd  bend  were  exhibited  by  Dr. 
Smith  at  the  recent  meeting  of  the  .MoHicul  AjtHoctatiou  in  Cork, 
and  excited  much  attention.  Thi.'»o  hiiir«  do  not  vorrespond 
with  any  of  the  descriptions  of  nodose  h»ir*  published,  at  leaitt 
u  far  a*  a  vary  prolonged  rcaearcb  could  ascertaiD.  Indeed  it 
tah.j  be  assumed  that  they  are  unique,  from  the  fact  that  Mr. 
Brumus  Wilsou  requested  Dr.  Hmith  to  (;ivo  hiiu  some  Speci- 
meos  for  the  Museum  of  the  Uoyal  College  of  Surf>eons  in 
England ;  and  Dr.  Lionel  Ut^le,  to  whom  he  (Mr.  Rii;KiLrdson) 
soiit  a  slide  of  the  hairs,  wrote  to  him  to  nay  that  he  had  not  seen 
anything  of  the  kind  before,  and  aakcd  for  Home  specimens  for 
tho  Royal  Microscopical  Society  of  London. 

The  boy'it  hairs  are  not  so  uniformly  nudose  as  tho  girl** ;  still 
his  head  afforded  many  perfect  specimens,  aud  prettier  micro- 
scopic objpctB  than  hers,  being  almo«t  altoi;ethpr  free  from 
cnlouring  matter.  Many  of  the  imperfect  spei-imenft  had  otJy 
a  couple  of  nodes,  tbe  remainder  of  the  sbat't  beiug  cormal, 
There  is  not  tho  alighteat  trace  of  a  I'un^ipifl  on  or  in  any  of 
the  specimens,  neither  is  there  any  appearance  to  lead  to  the 
inference  that  the  nodes  could  have  beru  caused  by  such.  At 
tho  conatrictionH  the  imbrieation  tif  tbu  itcalcti  con  be  easily  made 
out,  but  only  at  these  points. 

Tbe  girl'd  liair,  to  the  naked  eye  are  regularly  checliBd,  black 
and  white ;  the  boy'a  bare  do  such  sppearancee,  owing  to  the 
abeeuco  of  pit^mtJiit.  Tbe  specimens  were  moauted  in  Klein's 
diimmar  sulution.  He  might  mention  before  they  were  eiuiuined 
that  thoHo  from  rhe  boy'ii  hud  not  been  prerinnsly  exhibited. 

Tbnj^utf  ofC^eSothuritt. — Mr.  P.  8.  Abraham,  exhibited  a  section 
of  the  tongue  of  CifctothuruH,  the  (Vnlral  AinLricau  '  Tree  Aiit- 
eater,'  a  microscopical  ciumiuatiun  of  which  had  not  hitiicrto  beua 
made.  The  aoction  showed  the  general  arraugcmeut  of  tbe  muscular 
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bundle*,  remarkable  for  the  grcwt  distinctneM  with  which  '  Cofaa- 
beim's  nrcu  '  cftme  out  ou  tli«  crotui  aectiou  of  ttiv  (ibreB.  Tbo 
etmlitivd  murOus  epitliclium  wa»  welt  wen  iiud  the  aubmiicosa 
wa«  Hpparcntly  destitute  of  uiiicous  glanda  ;  tlie  abiny  aocrotion 
which  lubriCAteft  the  toiiK"0  being  probably  the  product  cbielly 
of  Uie  enormoUH  submaxillar;  glatida. 

Aorta  %H  JiamiimntK. — Dr.  Punier  showed  flj>ecLme>iS  at  tbe 
aorln  of  ruimioautff,  cowa  and  aht-Lip.  In  these  aDiiualu  the 
muacular  tissue  of  the  middio  coat  doea  not  coiuiat  of  aingle 
film  or  small  grou|>a  of  Hlmn  uqually  dialributed  between  the 
el&atic  platea  or  moiubrfttHta,  but  m  part*  the  cloacic  plates  are 
int4^rrupteil  and  the  tissue  ia  compoacTd  aluioat  altogether  of 
muscular  tibre,  with  only  n  few  elaatic  threiuii*  interpoeed.  In 
tht-ac  muocu'ar  pati-bes  the  tibrea  run,  for  the  most  purt,  traus- 
Tenely,  but  in  itome  caaeti  obliquely  nt  longitudinally. 

Section  of  Fillotts  'I^tmour.— Dr.  Charlps  Ball  uxhibited  aoaie 
kertitiUd  ol  a  rilloua  tumrjur  of  the  retjium,  whioh  showed  one 
reanOQ  why  tboee  growths  have  been  bo  frequently  confoundtid 
with  true  carciuofuota,  namuly,  that  in  conecqueucc  of  the  nu- 
merous inTolutiuus  of  tbo  aupcrtieial  cpitholiuia  soctioma  would 
present  the  appear&m-e  ot'  cudugeuous  growths  of  epithelium, 
while  in  reality  these  appeiimucca  were  dan  to  the  secttou  haviiig 
traversed  ihe  (Hittom  of  superbciiiL  suJci. 

Encjitted  Slate  of  Vaetutlaria  virF*cen*y  CicvkavivVx,  exhibited. 
— Mr.  Archer  showod  a  condition  of  thiti  conspicuoae  ftagellato, 
forming  in  itself  a  pretty  objcta,  and  oue  whJcli,  met  with  in  aa 
iaolated  way,  bad  fong  piu^Jed  hnn  m  to  what  it  could  be. 
llere,  boweTer,  were  examples  of  thia  tlHgeUate  partially  nocyated, 
and  others  wholly  so,  tiiu  latter  still  cnuircleil  by  the  origiiiai 
cuticular  covering  or  akin,  xtaiidiug  off  as,  a  separate  pellicular 
iiiTcatnient.  The  inner  body  uppL-arttl  aa  a  *'  spore-Uko"  Htrau- 
tore,  coot«nts  duuso,  green,  uiiil  iiuilu  duatituto  ol  any  vacuolar 
appearance  ^  its  bouiidiug  wait  vury  thiuk,  and  covered  by 
%  number  of  large  eubhumiophurivuL  byuliue  promiaencea. 
Thii,  without  the  cast-off  parciii,  simjily  uiuuibruuuuii  cuat,  is,  as 
has  been  said,  not  unlike  a  puMtiblu  2ygospore  of  aay  sniue 
destnidian,  fee,  but  aomclhiug  ulwaya  told  unu  it  could  scarcely 
fto  be.  Evidently  CicukoHski's  original  esauiples  bad  not  guLo 
ou  to  the  formation  of  thia  thickened  and  unduly  margined 
inner  wall,  or  he  would  have  bgurt-d  this  conditiun  :  bo  rcpro- 
■enta  only  a  still,  swootii,  tliin-Malled  couditicin,  nut  uncomuion. 
Indeed  it  wonld  only  bo  by  ol^Laining  (jiuiiijilca  in  several  con* 
diLtoDs  that  the  cuuuocttuu  bL'LwtiMi  ihc  two  extremea  could  be 
•een.  These  bodica  uj)art  frum  lluir  being  still  aun'oundod 
rinply  by  tbepArcnt  "cvtl-null."  could  nut  be  regarded  as  truly 
"spores,"  or,  as  iu  auy  way  resulting  from  L-unjugnttoo;  if  ttioy 
trero  formed  by  the  uiiiou  uf  two  imlLViUualK,  thuy  would  have 
been  larger ;  on  the  contrary,  Lbcy  a]ipcured  rather  smaller,  hut 
more  deuae,  than  the  ordinary  freely  s'^imming  oiam^tes.     Thojr 
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probsblj  merely  repreMnt  a  "  resting  "  or  "  eccjBted  "  condition 
of  this  oi^Hiiism. 

It  vas  then 

Beaolved, "  That  we  record  -witb  nnfeigned  sorrow  the  death  of 
our  colleague,  Dr.  David  Moore.  The  records  of  the  Club  testify 
to  the  Dumber  and  value  of  hie  Bcientific  contributioDa ;  but  our 
members  have  in  addition  to  mourn  the  loaa  of  one  whom  we 
ea«h  and  all  esteemed  bb  a  pcreonal  friend,  and  whose  vacant 
place  will  leave  a  serious  blank  in  our  limited  ranks." 
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TK^CoFKBE-LBAf  DlSKASB  q/"  CeyLON.    By  W.  T.  TlII&KLTON 

Dyer,  M.A.,  K.L.S.,  Aesistarit  Director,  Koynl  tiardeng, 
Kew.     With  Plates  IX,  X,  XI,  XII,  XIII,  and  XIV, 

DuRiKc  the  Inst  ten  years  a  paritsitic  fungus  has  devas- 
tated the  coffee  pUntfttiuiis  of  Ceylon  and  Southern  Itidia, 
and  is  now  slowly  spn^ading  eastward  throti^h  the  coffee- 
growing  countries  of  the  old  world.  Its  history  commandt 
our  attention  as  the  enemy  of  one  of  the  most  important 
industries  of  the  tropical  possessions  of  the  empire.  In 
itself,  moreover,  it  is  an  interesting  biological  stuJy,  supply- 
ing, as  it  does,  a  striking  unaliigy  in  its  lirst  appearance, 
proffTcss,  and  effects,  to  the  epidemic  difcases  of  animals,  in 
regard  to  which,  however,  so  far,  there  is  only  a  presump- 
tive probability  in  favour  of  the  view  that  the  physio- 
logical disturbances  or  organic  lesions  which  are  charac- 
teristic of  them  are  due  to  L}ie  introduction  into  their 
liftsueit  and  subsetiucnt  multiplication  theniof  some  extraneous 
organism. 

The  early  history  of  the  disease  is  well  ascertained  in 
Ceylon.  Before  1869  it  was  altogether  unknown^  and  the 
fungus  which  causes  it  had  net  been  detected,  notwithstand- 
ing that  the  plants  of  this  group  had  been  diligently  collected, 
no  less  than  1190  species  (of  which  two  thirds  are  endemic) 
having  been  described.'  In  May  of  that  year,  in  a  com- 
paratively new  estate  in  the  Madulsima  district,  which 
occupies  the  souih'weBtern  portion  of  the  hilly  country,  a 
few  plants  were  noticed  which  bad  light'Coloured  patches 
on  the  under  side  of  their  leaves ;  and  these  patches,  on 
closer  examination,  were  noticed  to  be  dotted  over  with 
orange  coloured  dust.  In  July  following  two  or  three  acres 
were  found  to  be  affected  in  this  way.  From  this  time  it 
rapidly  spread,  tiU  in  1873  there  was  probably  no  estate  in 
the  island  entirely  free  from  it. 

'  Berkeley  and  nroome,  '  Jonro.  Linn.  Sac.  Bot.,'  vo\.  vW. 
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From  the  fini  appnraooe  of  the  diieaM  its  •eriou  chanc- 
ter  was  rccogniMiL  Specimnu  of  the  (lue*»cd  iMrcc  were 
MEU  to  ihU  conntTy,  and  were  exaauned  by  1^  Ber.  U. 
J.  Bcriceley,  who  luined  it  HemUeim  vatlatrix,  aad  paUisked 

a  fbort  DQdc«  describiog  it  ia  the '  Gsrdener'f  Cbrookle  *  for 
1669  (p.  1157)  with  a  figure.'  He  not  merelj  deiemiiwd 
it  to  be  quite  new  to  (cienee,  "  but  with  difficulty  lefciaUe 
to  any  reoogniMd  Mctioo  of  fungi.''  Ue  coo«i4end  it  to  be 
intermediate  betweeo  Mucedmei  and  CTrtdifaw*,  a  riew 
which  is  not  iiutainablc  liDCc  the  Rer.  R.  Abbajr  ^  and 
Mr.  Moiiia,  after  working  upon  the  plant  in  a  fr««b 
state,  have  both  agreed  in  affirming  that  the  reprodactiTe 
bodiee  regarded  by  Mr.  Berkeley  aa  spore*  aic  in  teatity 
•ponmgia.  This  obtervatlon  widely  alien  aay  pOMiblie 
new  (^  the  affinity  of  the  fangui,  but  it  hu  not,  m  fiu, 
led  to  any  very  definite  »jfttematic  po»itioD  beiiig  aaeipted 
t4fit. 

The  coffee  tree  ia  an  ever^recoj  and  the  speedy  effect  of 
the  attack  of  the  fungus  upon  its  young  leaves  ts  to  cause 
them  to  fall  off,  leariug  the  tree  almoet  bare.  After  a  time 
it  LhrowB  out  firesh  healthy-looking  foliage.  Sooner  or  later 
this  in  it«  Ittm  ekbibits  the  fatal  spotting,  and  ii  shed  pre- 
matuiely.  Ic  i«  said  that  there  is  no  known  instance  of 
coffee  treen  being  actually  killed  by  the  attacks  of  the 
diseaM.  bat  they  become  much  enfeebled  by  the  lepoued 
loM  of  foliage  and  erentually  become  wortblen  as  crop 
producers. 

The  following  pages  give  is  a  condensed  form  the  net 
Tesult  of  the  investigations  to  which  the  life-history  of  the 
Hanileia  has  been  subjected.  The  plates  have  all  been 
drawn  from  drawings  by  Mr.  Morris,  and  have  been  borrowed 
from  a  book  which  he  is  preparing  for  the  use  oi  the  Ceylon 
planters. 

To  Ihe  naked  eve  the  first  appearance  of  the  Be-mileia 
ie  indicated  by  n  slight  transparency  or  "palish  di&culour- 
ation,"  easily  noticed  when  the  leaf  is  held  up  to  the  light. 
These  transparent  spots  indicate  the  points  where  infection 
of  the  leaf  has  begun.  As  the  "  spot "  becomes  larger  and 
older  it  assumes  a  faint  yellow  colour;  ultimately  on  the 
under  side  of  the  leaf  it  becomes  covered  with  a  bright 
yellow  dust,  and  this  later  on  changes  to  a  bright  orange. 
(Plate  IX,  fig.  1,  represents  the  under  side  of  a  coffee-leaf 
in  a  diseased  state.)     The  discoloured  patches  are  irregular 
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in  sire,  liut  always  preserve  a  circular  outline,  except  where, 
as  occasionally  happens,  the  accidental  coalescence  of  Imo 
patches  produce*  one  of  irregular  form  (PI.  IX,  fig.  2,  a). 
They  are  most  uumerous  towards  ihe  apex  of  the  leaf,  the 
tissue  there  being  somcn'hnt  younger  and  more  eucculentj 
and  therefore  more  easily  attackcil.  The  centrifugal  deve- 
lopment of  the  patches  is  sometimes  arrested  by  tlic  barrier 
presented  by  the  midrib  or  a  vein,  but  this  is  not  always  the 
case  (PI.  IX,  fig.  1,  a). 

When  a  diseased  patch  is  examined  with  a  low  power  it  is 
seen  to  be  covered  with  the  somewhat  symmetrically  disposed 
clusters  and  sporangia,  the  most  mature  being  in  the  centre 
(PI.  IX,  fig.  4).  Further  examination  shows  that  lUese 
clusters  occupy  stomata,  PI.  IX,  fig.  5  ;  and  fig.  6  shows  a 
cluster  in  which  some  of  the  uppermost  sporangia  have 
fallen  off,  allowing  the  oblit^ue  attachment  of  the  rest  to  the 
mycelial  threads  which  fill  up  the  openings  of  the  stomata 
to  be  seen.  Mr.  ^lorris  describes  the  fully  ripe  and  detached 
sporangium  as  "  an  ovate,  oblung,  oi  reniform  body,  covered 
externally  on  all  sides  but  one  with  globose  or  wart-Hke 
papillae.  The  smooth  surface  of  the  sporangium  is  under- 
neath on  the  side  of  attachment,  and  the  fact  that  on  all 
other  sides  the  sporangium  is  covered  by  wart-like  papillee 
gives  it  a  peculiar  clinracter,  which,  according  to  Mr.  Berke- 
ley, is  found  in  only  one  other  fungus,  viz.  in  Badhamia" 
The  immature  sporangia  are  destitute  of  papillae. 

The  Hemiitiah  itself  not  without  its  enemies.  In  PI.  IX, 
fig.  1  A,  a  dark-coloured  patch  is  shown  where  the  sporangia 
have  been  attacked  by  some  other  fungus,  possibly  an  Atp«r- 
gillu*.  In  fig.  3  the  sporangia  are  colourless  towards  the 
cenire  of  the  epot,  their  contents  having  been  destroyed  by 
tome  other  agency  of  the  same  kind;  in  this  patch  also  is 
represented  the  larva  of  a  small  uudescribed  dipterous  insect 
(fig.  T),  which  likewise  feeds  ou  the  ripe  sporangia.  This 
larva  was  first  noticed  in  1874  ;  Dr.  Thwailes  then  remarked  : 
"  Sometimes  these  little  maggots  are  very  numerous,  and  it 
.could  be  wished  they  were  still  more  so,  and  that  thus  the 
fuDgus  spores  might  be  altogether  consumed  and  the  pro- 
pagation of  this  terrible  pest  arrested." 
'  If  a  vertical  section  be  otade  through  one  of  the  diseased 
patches  of  a  coffee-leaf  ihe  connection  of  the  mycelium  with 
the  masses  of  sporangia  can  be  traced  and  the  destructive 
effect  of  the  former  npon  the  leaf  tissue  readily  studied.  The 
bundle  of  mycelial  filaments,  to  each  of  which  a  &)ioraiigium 
is  attached  externally,  forms  a  felted  muss,  like  a  plug,  which 
fills  up  the  cavity,  into  which  a  sioma  opens  above.     This 
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H  apparently  becomes  so  consolidated  (hat  tbe  fact  of  its 
compv»itiou  from  compacted  mycelium  eluded  the  observAtton 
of  Mr.  Abbay,  wtiu  Ltiougbt  it  was  a  sac-sbaped  dilatatioa 
of  a  single  mycelial  filament.'  To  Mr.  Morris  is  due  tbe 
creiUt  of  clearing  up  tbis  poiutj  tUougb  Mr.  Berkeley,  in  the 
figure  which  nccomjmiiied  hia  tirst  dcecripiiou,  clearly  iudi- 
cated  thai   the  sporangia  (or,  as  he  thought  them,  spores) 

'tpiuug  frum  iiidividuiit  threads. 

Tracing  the  mycelial  Blamcnle  further  into  the  leaf,  which 
ia,  of  course,  reversing  the  course  of  ihcir  development  out- 
wards, ihey  arc  eeeu  lo  assume  "  a  braocbiug  coral-lika 
habit"  (PI.  XII,  fig.  2,  c).  They  feed  on  and  jlestroy  the 
spongy  parenchymatous  tissue  of  the  leaf  where  they  come  in 
contact  with  the  chloiophyll-coiUaiiiiug  cells.  These  are 
broken  down,  cavities  are  pradu«?d  (PI.  Xll,  figs.  1  aud  2, 

lb),  anil  the  leaf  at  these  points  appears  consequently  of  a 
pftler  colour. 

When  mature  the  sporaugia  appear  to  be  readily  detached, 
and  ate  liable  to  be  dispersed  by  the  wind  or  by  animals,  or 
even  the  clothes  of  persons  working  in  or  visiiing  the  plan- 
tations Probably  the  papillro  with  which  they  are  covered 
on  all  but  one  side  give  them  a  mechanical  adheeiveness. 
At  first  tbe  sporangia  arc  filled  with  dark-red  or  orange 
g;ranular  matter  ;  when  fully  ripe  they  are  seen  to  contain 
a  varying  number  of  minute  nucleated  spherical  sporidia, 
ranging,  apparently,  from  one  or  two  to  fifteen  or  twenty. 
According  to  Mr.  Abbay,  the  sporangia  have  two  coats,  an 
outer  one,  bearing  the  papillse  which  "  disiiitegratts,"  while 
the  inner  menibriine  "opens  out  and  slowly  dissolves  away," 
Mr.  Morris,  liowovi^r,  finds  that  in  very  ripe  sporangia  tbe 
amooth  surface  is  ruptured,  and  the  sporidia  by  this  tueans 
escape.  When  the  sporangia  are  placed  on  a  moist  slip  of 
glass  resting  on  damp  blotting  paper  the  sporidia  begin  lo 
germinate  within  twenty-four  hours,  and  for  ibe  nioBt  part 
inside  the  sporangium,  the  mycelial  filaments  being  pro- 
truded through  its  wall,  which  softens  and  gives  way  before 
it  (PI.  X,  fig.  !3,  d);  some  germinating  sporidia,  however, 
arc  generally  found  also,  which  have  escaped  from  the  spo- 
rangium (fig.  2,  c).  The  result  is  that  everywhere,  after «n 
attack  of  leftf  disease,  in  the  neiglibourhood  of  diseased  coffee 
trees,  whether  on  fallen  leaves,  moi&t  surfaces,  or  on  the 
stem  or  branches,  a  web  of  mycelium  is  produced,  by  the 
continuous  development  of  which  the  whole  of  the  exterior 
of  the  cofiee  tree  is  completely  invested  with  the  toils  of  iu 
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enemy,  altbougb  there  is  nothing  to  the  naked  eye  which 
reveals  its  presence.  The  extent  to  which  this  ttikes  phice 
nay  he  readily  jud;{cd  from  the  tiro  figiiren  in  Plate  XI ; 
fig.  I  is  a  portion  of  the  epidermis  of  a  young  branch,  and 
fig.  2  is  part  of  the  under  surface  of  a  coffee  leaf.  Accord- 
ing to  Mr.  Abhay  there  is  a  mode  of  propagation  in  this 
stage  hyconitha  which  ace  produced  during  the  wet  weather 
which  is  80  favornble  to  iho  progrcsHofthe  mycelial  filaments. 
These  conidia  are  developed  at  iho  ends  of  the  branches 
of  the  mycelium  in  the  form  of  radiating  iiecklace-Iiko 
Btrings  of  minute  spherical  hodiea,  the  whole  arrangement 
closely  Tesembling  the  fruetificmiou  of  au  AspergiUits. 
Whether  these  couidla  are  really  part  of  the  life-cjcle  of 
IScmileia  must  still  be  regarded  with  some  doubt,  inasmuch 
[Rs  finigus-cultivations  arc  pecuH;irly  liable  to  error  from  the 
■introduction  and  development  of  tlio  tipores  of  other  species 
'than  that  which  is  the  object  of  study. 

Mr.  Morris  finds  that  during  the  four  Or  five  months  pre- 
ceding what  the  planters  rccogiiiGO  as  "  an  attack  of  leaf 
disease,'*  and  which  is,  in  reality,  nothing  more  than  the 
'period  in  the  life-history  of  the  HemiUia  when  the  sporangia 
are  developed,  nearly  every  part  of  the  coffee  tree  is  invaded 
by  mycelial  ihreads.  The  absence,  at  the  cud  of  this  period, 
[of  any  emptv  sporangia  leads  him  to  think  that  the  mycelium 
has  travellen  from  some  distance  to  finally  invade  the  young 
foliage.  If  these  were  infected  by  sporangia  blown  on  to 
them  by  the  wind  there  would  be  some  indication  of  theit 
presence  ;  none,  however,  are  found,  and  it  may  be  concluded, 
therefore,  that  the  mycelium  has  travelled  to  them  from  the 
stem  and  branches,  oc  even  from  the  ground.  As  this 
amount  of  growth  could  not  be  sustained  by  the  small  quan- 
tity of  nutrient  mnterinl  contained  in  an  individual  sporadium, 
it  must  bo  concluded  that  the  mycelium  feeds  in  its  course 
-Qpon  the  organic  matter  dissolved  in  the  inoisture  which, 
during  the  wet  season,  copiously  bederfa  the  sufaces  over 
which  the  mycelium  passes. 

As  long  as  the  mycelium  is  external  to  the  coffee  plant  it 
apparently  does  it  no  harm,  however  copiously  it  ramifies 
upon  its  surface.  But  having  reached  the  young  foliage 
during  the  moist  season  the  filaments  begin  to  invnda 
their  internal  tissues,  and,  in  fact,  to  commence  the 
ravageft  which  are  so  injurious  to  the  health  of  the  coffee 
trc*. 

The  stomata  of  the  leaves  are  closely  set,  and  the  mycelium 
is  no  less  closely  woven  into  an  interlacing  web.  Sooner  or 
latetj  therefore,  a  filament  finds  its  way  into  n  stoma,  otj 
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pBKsing  over  it,  sends  down  Into  its  opening  a  Ut«riil  brsnch. 
The  mycelial  BInments,  however  derive*!,  now  enter  the 
intercellular  air  passages  of  the  leaf  and  immediately  alter 
their  habit  of  growth.  From  being  slender^  filamentous,  and 
attenuated,  they  become  thicker,  more  copiously  furnished 
with  short  branches,  and  exhibiting,  in  fact,  what  has  been 
called  the  "coral  like  habit"  (PI.  XII,  fig.  1.  g).  They 
excavate  the  parenchymatous  tissue  bounding  the  inter- 
cellular air  past^ages,  which  is,  of  course,  to  attack  the  plant 
in  a  most  vital  ntid  important  point.  The  branches  may  be 
seen  to  impinge  on  one  of  the  chlorophyll-containing  and 
St  arch -forming  cells,  the  wall  undergoes  absorption,  and  the 
contents  are  speedily  evacuated.  These  injuries  being  irt- 
flictcd  when  the  leaf  is  still  young  and  its  new  foliage 
scarcely  matured^  the  legion  appears  to  cause  a  disturbance 
of  the  health  of  the  leaf,  at  first  sijjht  scarcely  explicable 
by  the  comparatively  small  proporiion  wliich  the  tissues 
BCLually  desiroycd  bear  to  those  which  are  unaffected.  But 
the  internal  cavities  produced  intercept  the  paths  lAken 
towards  the  plant  by  the  carbohydrates  fabricated  by  the 
leaf,  and  towards  the  leaves  by  the  water  charged  with  saline 
matter  brought  up  to  them  ft-om  the  roots.  The  functions 
of  the  leaves  are  completely  disorganised,  and,  as  always 
happens  when  this  is  the  case,  when  the  struggle  ceases  any 
longer  to  be  possible,  they  are  shed. 

The  young  shoots  which  bear  the  new  foliage  commonly 
perish,  and,  at  any  rate,  the  coffee  berries  which  they  bear 
are  not  matured  ;  those  on  the  older  part  of  the  branches 
arc  badly  developed,  and  the  crop  is  both  reduced  and  de- 
teriorated by  the  admixture  of  ill-developed  berries.  The 
effect  upon  the  coffee  industry  has  been  very  serious-  Mr, 
Abhay  estimates  that  up  to  1871  the  average  yield  for  five 
years  over  the  whole  of  Ceylon  had  been  4*5  cwt,  per  acre, 
whilst  for  the  five  succeeding  years  the  average  has  only 
been  2'9  cwt.  For  the  ten  years  tluring  which  the  disease 
had  existed  from  1869  to  1878  he  estimated  the  total  loss 
in  crops  aloue  due  to  the  disease  as  from  X1S,000,000  to 
£16,000,000. 

In  order  to  conclude  the  preceding  sketch  of  the  life- 
history  of  the  Uemiieia,  it  is  only  necessary  to  add  that,  after 
feeding  for  some  time  on  the  leaf  tissues,  the  mycelial 
filaments  send  off  lateral  branches  into  the  air  chambers 
beneath  the  stomala,  and  the  aggregation  of  these  grow  np 
side  by  side  in  a  closely  compacted  bundle.  On  emerging 
from  the  mouth  of  the  stomata  each  filament  develops  from 
its  apes  a  sporargiuni.     The  object  of  this  process  of  frucli- 
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fication  is  apparently  to  tenable  the  Hemileia  to  bridge  over 
tli«  ilrjr  seasou,  the  sporidia  immetliat^ljr  germ Ina ting  on  the 
approach  of  WGt  wcathor. 

Mr.  Morris,  from  whose  forthcoming  handbook  moit  of  the 
&cts  put  together  in  the  preceding  sketch  are  takeii^  was 
during  ihe  greater  part  of  last  year  placed  on  special  duty 
for  the  purpose  of  coffcc-lcaf  disease  inquiry.  He  wtt«  of 
coursH  extremely  anxious  to  discover  some  vulnerable  point  in 
iho  life-cycle  of  the  Hemileia  at  which  it  would  be  open  to 
attack.  It  is  to  his  persevering  invcstigationa  that  we  owe 
the  clear  account  of  its  habiu  which  we  now  possess.  Mr. 
Alorrts  recommends  thai  during  the  period  of  external 
development,  when  the  mycelium  is  merely  mechanically 
attached,  u»  it  were,  to  the  surface  of  tlie  coffee  tree,  it 
should  be  treated  with  some  remedy  which  will  destroy  its 
vitality  without  injuring  the  coffee  tree  itself.  It  is  not 
necessary  in  the  present  paper  to  discuss  the  attempts  and 
experiments  which  have  been  made  in  this  direction,  more 
espeually  as  Mr.  Morris  will  discuss  them  iu  his  forth- 
coming publication.  But  as  far  as  can  be  judged  from 
e:iperiment5on  a  small  scale  the  destruction  of  the  filaments 
can  be  completely  effected  by  dusting  the  whole  coffee  plant 
with  a  inixtuifof  one  part  of  sublimed  sulphur  and  twojiarts 
oflime;  the  effects  are  very  well  shown  in  iMates  XIU  and 
XIV,  the  former  of  which  shows  the  epidermis  of  a  branch, 
and  the  latter  that  of  the  under  side  of  a  leaf  traversed  by 
Hemileia  mycelium,  both  before  and  after  treatment  with 
the  mixture.  Mr.  Morris  having  been  transferred  by  the 
Colonial  Office  from  hia  post  as  Assistant  Director  of  the 
Royal  IJotanical  Gardens,  Peradeniya,  Ceylon,  to  the  Direc- 
torship of  the  liutaiiical  Depiirtmeul  of  the  Island  of 
Jamaica,  Mr.  H.  Marshall  Ward  has  proceeded  to  Ceylon 
to  take  up  the  inquiry  where  Mr.  Morris  left  it.  There  are, 
of  coursoj  wide  practical  differences  between  the  conditions 
of  a  laboratory  experiment  and  the  treatment  of  a  planta- 
tion, but  whatever  is  the  ultimate  result,  to  Mr.  Morris 
belongs  the  i;rudit  of  liavinj;  applied  a  strictly  scieiilitic 
method  of  investigation  to  the  problem  of  coffee-leaf  disease, 
and  of  having  devised  the  only  method  of  treatment  whiob 
80  far  affords  any  rational  hope  of  success. 

It  ia  only  fair  to  observe  that  Dr.  Thwaiies,  the  distin- 
guished late  Director  of  the  Peradeniya  Gardens,  whose 
opinions  must  <^-arry  great  authority,  hesitates  in  accepting 
Mr.  Morris's  results.  He  docs  not, indeed,  gainsay  them,  but 
he  apparently  thinks  that  the  account  of  the  life-history  of 
the  Memiieia  given  by  Mr.  Morris  is  incomplete,  and  that  the 
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rrnipcliiil  measures  nhicli  he  lias  based  upon  hts  view  of  the 
matter  are  inadequate. 

Dr.  ThwaiteSjiu  a  letter  to  the  Ceylon  Govtrnment,«Tilten 
September  iiTib,  1879,  points  to  the  fact^  which  is  undoubtedly 
striking,  that  the  Jiseaee,  after  its  first  appearance  at  Matlul- 
aitna  in  1869,  showed  itself  at  widely  separated  points  and 
over  considcrnblc  areas  in  the  two  following  years.  He  tliinks 
this  "must,  no  doubt,  have  been  due  to  the  presence  of 
inconceivably  minute  germs  floating  in  the  atmosphere  and 
carried  by  the  wind."  These  minute  germs  are,  howerer, 
as  far  as  1  have  been  at  present  able  to  understand,  com- 
pletely hypothetical,  and,  as  will  be  seen,  it  is  possible  to 
explain  the  transference  of  the  disease  to  remote  points  from 
its  original  centre  of  dispersion  in  accordance  with  known 
means.  Before  the  invetiti'^rations  uf  Mr.  Abbay  had  first 
brought  to  light  the  important  fact  of  the  extensive  develop- 
ment of  the  Hemii^a  in  the  mycelial  stage,  Dr.  Thwaites, 
at  a  loss  to  divine  how  the  coffee  plants  could  be  infected 
when  the  spores  had  all  been  shed,  hazarded  the  remark, 
**  In  what  way  the  coffee  tree  receives  the  infection  remains 
to  be  ascertained,  and  from  the  subtlety  of  the  oiierntion  this 
will  have  to  he  inferred,  rather  than  discovered,  by  direct 
observation  of  the  process.  It  would  seem  mOKt  probable 
that  the  infecting  matter  roniained  in  the  spore  is  absorbed 
by  the  tender  rootlets  of  the  coffee  tree,  although  it  is 
possible  to  conceive  it  might  also  be  introduced  into  the 
tree  through  the  very  young  foliage."  This  was  in  1874 ; 
in  the  following  year  Mr.  Abbny,  having  demonstrated  the 
universal  prevalence  of  the  mycelium.  Dr.  Thwaites  felt 
himself  "constrained"  to  give  up  the  idea  of  nn  "absorp- 
tion of  the  fungus  matter  by  the  roots."  He  is,  however, 
still  unable  to  account  for  the  fact  that  after  a  coffee  plant 
has  had  all  its  leaves  removed  and  has  been  treated  with 
sulphur  and  lime,  its  young  foliage  speedily  exhibits  once 
more  the  evidence  of  the  disease.  Mr.  Morris  attributes 
this  to  direct  infection  by  wind  from  neighbouring  planta- 
tions or  wild  coffee  trees  on  which  the  Jlemileia  is  in  a  stale 
of  ripe  fructification,  and  he  points  out  reasonably  enough 
that,  till  all  plantations  unite  in  preventive  methods,  and 
wild  and  neglected  coffee  is  destroyed  and  rooted  out,  no 
method  of  remedial  procedure  has  a  fair  trial.  Dr.  Thwaites, 
however,  in  1S74,  expressed  the  opinion  that  the  fungus 
was  "present  in  the  growing  tissues  generally  of  the  coffee 
plant  in  diffused  form,"  and  in.  his  latest  communication  on 
the  subject,  dated  January  8th  of  the  present  year,  he  states 
that  "  the  phenomena  of  the  earliest  appearance  of  the  leaf 
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disease seem    to    be   very   annlogouB    to  what  are 

observed  in  vacciiiic  or  other  such  contaminaHoiis," 

Anything  falling  (rom  Dr.  Tbiraites  on  such  a  subject 
naturally  carries  great  neight.  As  has  been  already  re- 
marked, it  is  possible  that  the  remedial  methods  suggested 
by  Mr.  Monis  may  prove  practically  useless.  But  it  may 
be  claimed  for  them  that  they  are  based  on  intelligible  facts^ 
anil  if  they  fail  (he  practical  proceeding  is  to  iry  and  ascertain 
why,  and  improve  the  curative  treatment  accordingly.  But 
Dr.  Thwaites's  criticisms  are  based,  not  so  much  on  facts,  but 
on  theoretical  conceptions.  How,  it  may  be  asked,  can 
*'  infecting  matter**  be  absorbed  by  the  roots  of  a  plant  to 
subsequently  give  origin  to  a  definite  organism  in  its  tissues? 
How  can  this  organism  exist  iti  those  tissues  "in  diffused 
form  .*"  And  what  is  the  precise  meaning  to  be  gathered  from 
these  expressinus  and  from  the  supposed  analogy  of  the 
Jlemiteia  to  "  vaccinic  contamination  ?"  These  <)uotation8  are 
taken  from  Government  documents  officially  published  for 
the  purpose  of  communicating  to  the  planting  community 
the  voice  of  science  on  a  subject  uf  the  gravest  importance 
lo  them.  Dr.  Thwaites  certainly  owes  it  to  himself  to 
exjiressj  in  a  more  precise  way,  and  to  support  by  scitntilic 
evidence,  the  views  which  he  has  at  present  only  somewhat 
vaguely  indicated^  but  which  seem  to  lean  towards  aa  ex* 
planation  of  the  disease  as  a  persistent  constitutional  iu< 
feet  ion. 

The  leaf  disease  seems  to  have  speedily  shown  itself  in 
Southern  India  after  its  fir^t  nnpearance  in  C^eylon.  In 
ISTB  it  appeared  in  Sumatra,  in  1879  in  Java  and  Bcncoolen, 
and  this  year  news  has  reached  this  country  of  its  appearance 
ill  Fiji,  where,  however,  it  was  first  noticed  in  May  of  last 
year.  The  outbreak  in  the  latter  colony  is  a  misfortune 
much  to  be  regretted,  as  coffee  promised  to  be  one  of  its  most 
successful  enterprises.  Very  full  details  have  been  sent  by  its 
Government  to  lli«  Colonial  Office,  and  the  whole  narrative 
of  the  outbreak  affurds  a  most  striking  analogy  to  the  introduc- 
tion of  an  epidemic,  such  as  that  of  measles,  into  Fiji  itself.^ 

The  disease  was  in  all  probability  introduced  directly  from 
Ceylon  lo  Fiji  with  a  box  of  seeds  packed  iu  earth  early  in 
1879.  A  few  months  later  it  made  its  appearance  in  the 
Great  Amalgam  PlHutation,  and  subsequently  spread  to  other 
planiattons  on  the  Rewa  rivci-,  in  the  apparently  capricious 
manner  which  Dr.  Thwaites  found  so  difficult  of  compre- 
hension in  Ceylon.  Fortunately,  in  Fiji  the  Government 
placed  the  matter  in  the  hands  of  Dr.  W.  McGregor,  tho 
'  MoMley  *  N0U9  by  a  Naturalist,'  p.  S4I, 
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Chief  Medical  Officer,  and  under  his  dirrctions  ii  wr)-  bold 
and  skilfuily  conducted  attempt  lias  been  made  to  ttamp  out 
the  disease.  His  wliole  repurt  would  be  well  wortli  printing 
as  a  model  of  procedure  baat'd  upon  strictly  scientific  prin- 
ciples.    The  folloniug  passages  may  be  quoted  : 

'*  On  each  plantation,  the  Great  Amalgam  included,  it  is 
ea«y  to  see  at  what  point  the  disease  first  took  hold,  and  that 
it  is  radiating  from  that  8[Kit.  The  great  probability  is, 
therefore,  that  the  disease  is  carried  about  from  one  place  to 
another  by  physical  agencies,  a  view  of  its  distribution  that 
accords  with  the  glutinous  properties  [p8ptllos«  surface]  of 
the  diwres  [sporangia],  that  cause  them  to  adhere  readily  to 
any  object  with  which  they  are  brought  into  contact.  Many 
people  have  visited  the  great  Amalgam  Estate,  curious  to  sc« 
the  coffee>lraf  disease,  and  several  of  them  have  afterwarda 
visited  the  other  patches  of  coffue  in  the  same  district,  and 
the  presuiiipliun  is  tliut  measures  were  not  in  each  casa 
adopted  to  prevent  the  spores  of   the  disease  being  thus 

carried  from  one  place  to  another." 

*  «  «  *  * 

"On  the  22nd  I  saw  the  estate  of  Viti.  It  was  easy  to 
see  the  disease  bad  there  begun  on  the  trees  nearest  the 
lauding-place  from  the  river,  an  the  trees  growing  at  that 
spot  wore  covered  by  the  disease  for  a  short  dihtauce  around 
them,  but  the  disease  became  gradually  less  prevnlent  as  the 
distance  from  the  landing-place  increased,  and  at  the  further 
end  of  the  plantation  was  not  apparent." 

The  "  stamping  out"  having  been  sanctioned  by  the 
Government,  Dr.  McGregor  gives  the  following  account  of 
the  metliod  adopted  : 

"  1  proceeded  next  day  to  near  Viti,  the  place  to  be  dealt 
with  first,  as  bi'ing  the  largest  and  most  liable  to  be  tra- 
versed by  natives  and  others.  As  a  di^scriptiuii  of  the  pro- 
ceedings undertaken  at  Viti  will  give  a  correct  idea  of  how 
the  same  work  was  carried  out  at  each  of  the  other  places,  I 
shall  give  the  former  in  detail.  Our  camp  was  pitched  on 
the  other  side  of  the  river,  nearly  opposiic  Viti.  Food  was 
supplied  from  the  native  town  of  Nu-Toa-Ika,  on  the  eanie 
aide  of  the  rivf^r  as  the  encampment.  In  the  morning 
each  of  the  natives  employed  put  aside  his  sulu,  substituting 
one  of  banana  leaves.  1  myself  and  tlie  other  two  Eu- 
ropeans with  me — Mr.  Vaughan  and  Mr.  Gihb — look  a  spare 
suit  of  clothes,  whicK  we  left  in  the  boat  by  which  we 
all  crossed  to  Viti,  and  which  was  anchored  in  mid-stream 
daring  the  day  when  we  weri;  at  work.     At  night  the  men 
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left  their  banana  sulus  on  the  ground,  and  trere  thoroughly 
washed  in  the  livcr  beforo  they  could  get  near  ihn  boat. 
The  Europeans  walked  into  the  river,  where  they  and 
their  clothes  were  thoroughly  washed  before  entering  the 
boat  to  put  on  clean  clothes.  By  iheiti!  means  the  camp 
was  kept  ns  clean  as  possible  under  the  circumstances,  as 
this  method  was  rigidly  carried  out." 

The  whole  of  the  infected  coffee  was  burned  with  all  the 
herbage  on  the  ground  which  could  retain  the  sporangia,  and 
additional  fuel  was  carried  on  to  the  ground  wliere  necessary, 
80  as  to  enable  a  continuous  wave  of  flame  to  pasa  over  it. 

The  extraordinary-  prominence  which  the  Hcmileia  has 
suddenly  assumed  is  at  first  sight  not  a  little  astonishing  ; 
but  the  ravages  of  parasitic  upon  cuUivated  plants,  it  is  not 
difficult  to  see  is  one  of  the  coneeqiienc^-s  with  which  we 
bave  to  reckon  in  disturbing  the  established  order  of  nature. 
HemiUia  wuiatrix  is  a  parasitic  plant  which  has  probably 
for  ages  lived  in  a  sute  of  constrained  comniensalism  with 
some  other  members  of  the  family  of  Rubiacea,  to  which 
coffee  belongs.  The  constituents  of  tropical  forests  are  not 
pregftriouB  ;  the  native  host  of  the  Bemileia  is,  perhaps,  some 
plant  of  little  hut  botanical  interest,  of  which  individuals 
are  scattered  at  intervals  through  the  forest.  Parasitic 
plant*  in  nature  obviously  caimot  extirpate  their  hosts, 
because,  if  they  did  so,  they  would  determine  their  own  ex- 
tinction. They  only  exist  at  all,  therefore,  by  iloing  the 
minimum  of  injury  to  their  hosts  which  is  compatible  with 
their  own  continued  ftxistencc.  But  when  man  places 
within  their  reach  vast  aggregations  of  plants  ready  for  in- 
vasion the  latent  capacity  for  mischief  of  the  parasite  is 
bronght  out  to  the  uttermost,  and  it  runs  riot  at  man's  ex- 
pense. If  Ceylon  were  abandoned  to  nature  the  coffee  planta- 
tions would  lapse  again  into  mixed  forest ;  coffee  would 
either  succumb  to  the  Hemil^ia,  or  would  only  be  repre- 
sented by  those  individuals  which  proved  able  to  carry  on  a 
commensal  existence  with  it. 

It  is  remarkable  that  though  the  coffee  districts  of  the 
New  World  are  free  so  far  from  the  Hvmxleia,  they  are 
also  ravaged  by  a  leaf  disease.  In  this  also  the  parenchyma 
of  the  leaf  is  devourcil  and  destroyed  %vith  parallel  consti- 
tutional effects.  The  parasite  is,  however,  in  this  case  not 
a  fundus  but  the  larva?  of  a  minute  moth  (Cemiotloma 
coffttllum).  This  seems  to  have  first  taken  to  irs  tuis- 
chievous  vocation  in  the  West  Indian  Islands,  and  thence 
to  have  been  introduced  on  the  South  American  continent, 
in  all  the  coffi'c-growing  districts  of  which  it  is  a  serious  ^est. 
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On  Shbpheardella,  an  Undescribed  Ttpe  of  Marins 
Uijizupuda;  tcith  a  Few Odsrrvatiqns on  Lirbehkuiima. 
By  J.  D.  S1DDAI.L.     With  PUies  XV  and  XVI. 

A  FKESK  intert-st  lias  attacheil  to  tlie  R)iizopod«  of  recent 
yearHr  as  exteiHlRd  rosoarcli  )ias  fiiriiislicil  ilata  for  the  more 
systematic  itudy  of  the  group.  But  the  labours  of  Hertwig, 
Cieukoivski,  Arclier,  F.  E.  Schul/«,  and  other  emiueiit  histo- 
lo^&ts,  so  admirably  summarised  by  Professor  Allmau  in  his 
two  Presidential  addresses  to  the  Linncan  Society,  seem 
rather  to  »u<7ge&t  how  much  there  must  be  etill  to  learn  re- 
epectinR  the  Ufe-history  of  sarcode  orgauiams,  than  to  render 
us  satisfied  »itb  what  is  already-  knovrn  concerning  them. 
Under  these  circumstances  it  has  appeared  to  me  that  the 
following  notes  on  certain  little  understood  forms,  especially 
on  une  that  does  not  appear  to  liav«  fallen  under  ihe  notice 
of  previous  observers,  may  be  worth  placing  on  record. 

On  the  22nd  of  August,  1879,  1  received  from  ray  friend 
Mr.  Sbepheard  two  bottles  of  sen-walcr  containing  Polyzoa, 
Hydrozoa,  and  Sponges,  which  bad  been  collected  at  low  tide 
on  the  previous  day  from  the  shore  near  the  Lydstcp  Caverns^ 
Tenby.  For  their  better  examination  I  placed  a  number  of 
the  specimens  in  cells,  and  had  the  pleasure  of  finding  that 
most  of  them  were  living,  noMvithstanding  their  long  railway 
journey  in  small  bottles.  On  the  following  day  my  atten- 
tion was  arrested  by  an  organism,  apparently  a  Kliizopod, 
which  l)ad  separated  itself  from  the  other  things  in  the  cell, 
and  was  adhering  to  the  glass,  and  which,  but  for  the  psendo* 
poilia  extended  from  its  two  extremities,  would  probably 
have  been  passed  over  as  a  worm.  With  a  view  10  the  closer 
study  of  this  creature,  a  further  supply  of  material  from  tlie 
same  locality  was  subsequently  obtained  for  me  by  Mr. 
F.  Walker,  of  Tenby,  who,  during  the  months  of  September 
and  October,  made  various  gatherings,  from  e.ich  of  which  I 
obtained  specimens  not  only  of  the  species  originally  found, 
but  also  of  one  or  two  other  Uhizopods  having  features  of 
interest. 

To  Mr.  Sbepheard  antl  Mr.  Walker,  tiiercfore,  1  am  pri- 
marily indebted  for  the  material  from  which  the  present  paper 
was  written;  and,  as  the  organism  I  purpose  in  the  first  place 
to  describe  appears  to  be  new,  [  have  much  pleasure  in 
associating  it  with  the  name  of  my  frieod  aud  feUuw-worker 
Ur,  Shephesrd, 
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0!t  $BBPI]BA>DELl.J.j  i.  MBIT  TYPB  Or  UARINB   BUIZOFUDA.  1^1 
SUBPHEARDBLLA  T.ENIFOKMlS.^iVor.  OeA.  et  >p. 

Gtntrat  description. — The  body  of  the  Khizopod  is  uni- 
eellular,  elongated,  and  Hbr(i]>tly  pointed  at  butb  ends.  Flat- 
tened  and  ribbon-like  when  in  a  stale  of  activity,  rounded 
and  wonu-like  when  at  rest.    It  is  furnished  with  a  flexible, 
transparent,  colourless  integument  of  considerable  firmness  ; 
and  tbe  whole  tubular  cavity  is  densely  tilled  with  yetloivi$h, 
coarsely  granular  protoplasm,  having  a  very  distinct  ovhI  nu- 
cleus, and  occasionally  also  a  few  scattered  non-contractile 
hyaline  vesicles.  Thesarcode  rotates  in  a  regular  stream  arouud 
ihe  interior  of  the  integument,  and  carries  the  nucleus  along 
with  it ;  the  current  performing  a  complete  circuit  within  the 
cell.     The  nucleus  is  seldom  carried  entirely  round  the  ce1I» 
being  as  a  rule  intercepted  in  its  course  along  one   stream 
and  passed  over  into  ihc  opposing  one  before  it  has  travelled 
far   from    the   centre   in   either   directions.     The   opposing 
streams  of  sarcude  thus  formed  on  the  two  sides  of  the  cell, 
are  not  separated  from  each  other  by  any  clear  line  as  in 
CAaracea,  thoueh  otherwise  much  resembling  the  pheno- 
menon  ohserTahle  in  the  living  vegetable  cell.     Tlie  priu- 
cipal  diflerence  between  the  two  is  iu  t)ic  direction  of  the 
current,  that  of  Chara  advancing  in  a  spiral  direction,  whilst 
that  of  ShepheardeUa  completes  its  circuit  in  one  plane,  the 
two    currents  sliglitly  overlapping   each    other.      The   in- 
tL'gument  is  perforated  at  each  end  by  a  minute  aperture, 
through  which  some  of  the  sarcodc  passes  and  culleris  into  a 
small  mass.     From  this  mass  a  very  delicate  coating  spreads 
over  the  whole  exterior  surface  of  the  integument,  and  this 
thiu  layer  occasionally  throws  out  a  pseudopodium.      But 
the  great  network  of  inosculntiuf;  niul  branching  pseudopodia 
are  at  the  two  extremities  of  the  organism,  extending  them- 
selves from   the  terminal  masses  of  sarcode  to  a  distance 
>  considerably  exceeding  the  whole  length  of  the  boily,  as  in 
Fl.  XV,  tig.  !i.     The  circulation  of  the  finer  granular  sar- 
codc in  the  pseudopodia  is  easily  traced.     It  ia  very  rapid, 
mdvancing  and  returning  in  single,  double,  or  even  triple 
»treams,  nccurding  to   the  breadth  of   tho    pseudopodium 
iraverseil.     So  that  from  the  rotation  of  tlic  chief  mass  of 
sarcode  within  the  test  and  the  external  circulation  iu  the 
])6eudu[KMlia,   it   is   evident    that  overy  part  of  the    body- 
coiitenis,  the  nucleus  excepted,  is  in  turn  brought  in  contact 
with    the   surrounding   water.     The   combined   movements 
present  an  evidence  of  vigorous  life  rarely  exhihited  among 
the  Rhitopoda,  and  the  transparency  of  the  "test"  permits 
the  internal  fuuctions  of  the  orgiuiiem  to  be  as  easily  followed 
as  the  extcrnul. 
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Sixe. — The  first  specimen  observeil  mensuretl  in  leagth  of 
body,  wiiUout  the  pBetulopoilia,  -07  inch  {1-75  millim.T,  and 
in  breodtb  -0016  inch  (0*042  niillim.J.  SioM  theu  I  have 
measured  a  number  of  others,  the  largest  of  which  is  -31  inch 
(7-5  millim.j  in  length,  nnd  -2  inch  (0-5  millim.)  in  breadth. 
The  rest  vary  between  these  two  extremes.    (PI.  XV,  6g.  1.) 

Two  days  after  finding  the  first  I  observed  a  second  much 
larger  specimen,  and  examined  it  carefully  whilst  living  with 
powers  varying  from  380  to  800  diameters  (i  in.  objeciive 
with  A  to  u  cyc-pieces).  Nothing  fresh  was  noticed  in  the 
sarcode,  except  that  it  contained,  in  addition  to  the  dark 
granules  of  irregular  size  and  shape,  a  considerable  number 
of  spherical  and  oval  masses,  relatively  larger  in  size,  of  clear 
colourless  protoplasm.  These  were  carried  along  by  the 
rotating  current,  but  diiL  not  travel  »o  quickly  as  the  finer 
portion  of  the  sarcode,  probably  owing  to  their  greater  size 
and  weight.  No  traces  of  a  contractile  vesicle  could  be  seen 
although  carefully  tiought  for.  Neither  structure  nor  liurface 
markings  of  any  sort  could  be  discerned  in  or  upon  the  in- 
tegument,  which  presented  a  perfectly  homogeneous  texture, 
and  may  thett^fure  be  regarded  as  a  5im|tle  layerof  hardened 
or  otherwise  slightly  modified  protoplasm. 

The  nucleus  proved  to  be  a  far  more  difficult  subject  for 
study,  but  careful  observation  in  upwards  of  twenty  exaninlea 
has  within  the  last  few  weeks  revealed  its  structure.  Kx* 
amined  in  the  living  state  very  little  can  be  made  out  satis- 
factorily. In  appearance  it  is  a  simple  oval  snc  or  cell 
possessing  a  wall  of  exceeding  tenuity,  and  filled  probably 
with  Uuid  of  greater  transparency  than  the  sarcode  which 
surrounds  it.  The  chief  difliculty  arose  from  certain  dark 
lines,  continually  travelling  over  its  surface  ;  not  ceasing 
either  when  the  nucleus  was  carried  along  with  the  rotating 
sarcode,  or  momentarily  arrested.  Some  of  the  varying  ap- 
pearances thus  presented  are  shown  in  I'l.  XV,  fig  4.  After 
wutchiiig  these  lines  fur  ni:tny  hours  I  was  led  to  attribute 
them  to  alteruatc  wrinkling  and  distension  of  a  nucleus- 
membrane,  taking  place  without  any  regularity  as  to  time. 
They  appeared  generally  to  open  out  from  the  centre  to  the 
edges  of  its  longer  diameter,  or  dee  versn.     This  seemed  to 

f prove  definitely  the  existence  of  a  distinct  wall  of  greater  or 
ess  rtsistauce  coating  the  nucleus^  and  it  appeared  to  nie 
that  whilst  the  lines  were  chiefly  the  result  of  the  unequal 
external  pressure  of  the  impinging  currents  of  sarcode,  they 
might  also  he  in  some  degree  due  to  inherent  causes ;  and 
continued  observalion  has  led  me  to  believe  that  the  latter 
rather  than  the  former  is  the  correct  explanation. 
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Oil  i\\t  12th  of  March  last  T  notired  a  fine  Sliepheai'deUa 
euiaiigU'd  atnoog  tii«  tentacles  of  a  "  IlyilrHtuba."  auit 
placed  it  between  two  thin  cover-glasses  for  examination 
with  higher  powerSj  care  being  taken  not  to  press  it.  Urli* 
eating  threads  of  Iho  Ineso-cells  )iad  pierced  the  integument 
of  the  rhizopod  in  many  partj),  but  did  nut  seem  to  cause 
any  inconvenience.  The  nucleus  was  6nel]:  developed,  and 
was  iratchcil  most  closely,  iu  order  to  determine,  if  irossible, 
whether  its  movements  were  the  Bamc,  or  an  effect  of  the 
rotation  of  the  *arcode.  These  movements  proved,  however, 
more  puzzling  and  erratic  than  ever>  the  diflicuhy  being 
increased  by  ihc  (Icnttity  of  the  sarcode.  Finding  that  no 
satisfactory  results  could  be  obtained  otherwise,  I  fubjecled 
the  cieature  to  sufficient  gentle  pressure  to  force  out  most  of 
the  sarcode,  when  I  had  the  »ati<ifacLion  of  ohserviiig  that 
the  nucleus  continued  its  meandering  course,  sometvhat  after 
the  fashion  of  a  lar^rg  Paramtccium,  for  about  liulf  an  hour 
after  all  motion  had  ceased  in  the  sarcode  which  surrounded 
it.  The  rotation  of  the  sarcode  was  at  once  interrupted  and 
speedily  stopped  altogether  by  the  pressure  applied ;  the 
nucleus  gradually  ceased  to  move  to  and  fro  in  about  thirty 
minutes  afterwards,  a  few  signs  of  life  being  exhibited  by 
\is  protoplasmic  contents  for  a  few  minutes  longer.  The 
nucleus  membrane  was  deeply  contricted  and  wrinkled  into 
a  coDsiaotly  varying  scries  of  elevations  and  deprcsiions, 
forming  avenues,  through  which  the  granular  sarcode  passed, 
and  at  times  appeared  to  receive  increased  impetus  in  doing 
so.  In  consfNjucnce  of  these  ever-chiinging  appearances  the 
variotis  parts  of  the  nucleus  could  only  be  distinguished 
from  each  other  at  rare  intervals.  Sufficient,  however,  had 
been  seen  lo  prove  that  the  nucleus  possesses  the  power  of 
independent  movement,  but  probably  not  in  so  high  a  decree 
ac  the  sarcode,  in  the  more  powerful  stream  of  which  il  it, 
as  already  stated,  carried  along  with  irreBiatibli.'  force. 

With  two  exceptions  the  Sjieciniens  oi Shephe-ardeUa  exam- 
ined have  each  possessed  one  nucleus.  One  of  the  ex- 
ceptional specimens  was  rather  small  and  pale  coloured,  and 
contained  do  visible  nucleus ;  the  other  was  of  full  size  and 
colour,  and  possessed  three  nuclei,  all  of  which  were  of  full 
sice  and  exhibited  the  same  phenomena  of  moving  lines. 
They  were  carried  along  independently  in  the  sarcode  stream, 
sometimes  coming  into  collision  and  becoming  blocked  for  a 
short  time,  and  then  forced  on  again  with  a  jerk  by  the  col- 
lected force  of  the  choked  current. 

This  particular  specimen  was  first  observed  on  the  side  of 
K^bottle,  to  which  it  adhered  so  firmly  by  its  extended  pseu- 
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dopodia^  that  it  was  necessary  to  use  a  camel-hair  pencil  to 
transfer  it  to  a  cell.  In  so  doiog  I  twisted  it  twice  in  the 
course  of  its  length,  thus  causing  stoppages  of  the  sarcode- 
curreut.  Before  lon^%  by  a  seric!  of  fpxsmodic  movements 
of  its  body,  the  creature  sucrceded  in  stretching  itself  out 
quite  ^ttaight  upon  the  glas?,  when  the  jerking  movemenl 
At  once  ceased.  As  the  internal  rotation  resumed  its  course, 
slowly  at  first,  and  then  more  quickly,  pseudopodia  were 
emitted  plentifully.     Since  then  I  have  observed  the  same 

irritability  in  several  olher  specimens,  and  believe  that  the 

source  of  such  movements  is  the  nucleus,  which  fiirnisbcA^^H 
the  impetus  required  to  produce  tlieni.  I  have  never^^^ 
before  seen  any  Uhizopod  exhibit  the  same  sort  of  irrita-  1 
bility,  or  make  such  manifest  attempts  to  rectify  itself  when         I 

filaced   in   an  abnormal  position.     The  power  of  curving         ! 
Btcrally,  combined  with  that  of  crawling  by  the  aid  of  ita 
pseudopodia,  enables  ShejiheardeUa  to  move  from   place  to 

Slacc  Mith  coneiderable  rapidity  ;  but  its  habit  is,  when  once 
xcd,  to  remain  for  many  days  in  the  same  spot  with  its 
pseudopodia  fully  extended. 

Abnormal  forms. — Several  specimens  observed  during  the 
months  of  October  to  December  differed  considerably  from 
the  normal  form  and  also  from  each  other.  Two  of  these 
are  represented  in  PI.  XV,  figs.  5  and  ti.  For  some  time  I 
looked  upon  them  as  distinct  species,  but  having  since 
traced  other  specimens  q^  Shepheardella  through  similar  con- 
ditions during  their  "  breaking  up,"  I  am  disjiosed  to  con- 
sider them  as  representing  an  early  stage  in  that  process. 
One  of  them  (fig.  6)  was  found  on  Nov.  29th.  Its  body 
was  continually  changing  in  form,  pseudopodia  being  ex- 
tended from  no  less  than  thirteen  distinct  orifices  in  ita 
iutegument ;  some  of  the  main  branches  of  pseudopodia 
reaching  to  the  extraordinary  length  of  three-fourths  of  ati 
inch  (20  millim.),  and  capturing  infusoria  in  all  directions. 
Most  of  the  food  so  captured  was  digested  outside  the  body, 
in  teni|iorary  massi'S  formed  by  the  accnmulation  of  sarcodc 
from  the  pseudopodia.  The  bodies  of  the  abnormal  forms 
were  also  full  of  dark-coloured  food  particles,  diatoms  being 
occasionally  noticeable  among  ihem,bLit  thesareode  of  the  nor- 
mal ShephcardcUa  seldom  seemed  to  contain  any  alimentary 
or  other  foreign  matter.  On  one  occasion  1  detected  a  t)'pical 
specimen  in  the  act  of  conveying  towards  an  aperture  a 
relatively  large  mass  of  apparently  ficcal  matter,  so  large 
that  it  choked  the  orifice  for  n  considerable  time  nnd  whs 
eventually  ejected  suddenly  and  passed  away  by  an  excurrcnt 
pfteudopodium,  and  finally  thrown  off  at  some  distance  from 
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iho  boily.  The  chief  food  of  the  animal  nppfiars  to  consist  of 
liifu&ona,  which  itrc  not  as  a  rult  couvpyed  into  the  body, 
but  digested  among  the  p^eiidopodia  om«tde  the  test. 

Life  histortf. — -The  phenomena  conneeted  with  the  life 
historj  and  reproduction  of  this  reiuarkablo  Kliizupod  have 
nol  yet  been  fully  made  out,  so  that  the  remarks  now 
offered  are  in  some  measure  pTOvisional,  and  subject  to  cor- 
rectiou  at  some  future  time.  They  may  be  giveu  chron- 
ologically, beginning  with  a  note  made  August  27th, 
when  two  Shepk^ardeUtX!  under  observation  in  a  cell  dis- 
3pp<;ared  entirely  during  that  day  and  the  following  night, 
leaving  as  their  only  traces  a  very  great  number  of  Ama^bec 
of  rarious  forms,  some  of  which  are  reproduced  in  PI. 
XV,  figs.  IG,  n,  18.  What  had  become  of  the  iutegu- 
ments  and  coloured  granular  portion  of  the  sarcode  1  failed 
to  find  out.  All  the  Amflebeo  were  quite  colourless  ;  most  of 
them  possessed  a  nucleus,  or  more  than  oue,  and  a  contrac- 
tile vesicle.  They  were  very  active  in  their  movements  for 
from  four  to  six  weclts,  increasing  considerably  in  siw 
during  the  earlier  portion  of  the  period  ;  but  towards  the  end 
of  that  time  their  movements  became  slower  and  more 
feeble,  and  6nal!y  censed  altogether,  when  they  collapsed 
into  motionless  specks  of  very  finely  granulated  sarcode  (Fl. 
XV,  -fig.  19],  ultimately  becoming  so  indistinct  as  to  be  quite 
unrecognisable  amongst  the  organic  deMt  with  which  the 
cell  had  got  somewhat  obscured. 

Another  point  noticed  was  that  if  some  of  the  aarcnde 
from  the  extended  pseudopodia  of  a  Sftepheardella  was  taken 
up  on  the  point  of  a  camel-lmir  pencil,  and  broken  up  into 
a  number  of  particles  in  a  ilrop  of  sea  water  on  a  glass  slide, 
each  separate  panicle  presently  put  out  long  filamentous 
quivering  pseudopodia ;  and  if  pseudopodia  from  two  suck 
particles  happened  to  touch  each  other  they  at  once  coa- 
lesced. After  a  very  short  lime  these  characteristic  pseudo- 
podia were  all  retracted,  and  the  particles  became  quiescent, 
presently  resuming  active  life,  not  as  before,  but  as  AmcebR!, 
crawling  by  toboi«  prolongations. 

Willi  a  view  to  ascertaining  if  possible  the  mode  of  repro- 
duction, I  put  two  fine  ShopheardeUfs  into  a  cell  on  December 
9th, and  ou  the  10th,  found  they  were  alive  and  in  all  respects 
eimiUr  lo  PI.  XV^  tig.  ii.  By  December  ISth,  at  7  p.m.,  one  of 
these  had  assumed  the  nearly  spherical  shape  of  PI.  XV,  figs. 
9,  a,  b,  but  teat  ttiil  encaseil  by  itt  inUyumcnt.  Two  and  a 
half  hours  later  it  had  sireiched  out  a^ain,  and  become  in 
form  nearly  like  PI.  XV,  tig.  6,  pseudopodia  being  put  ou; 
from  (en  different  orifices.     The  changes  of  form  during  the 
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eniuing:  two  hours  were  TCT7  considenble.  Br  the  follow- 
tD^  morning  it  hnd  again  become  nenrly  spherical,  and 
showed  a  tendency  to  tliTide  into  four  parts  by  constriction. 
On  the  I7lh,  at  9  a.m.,  all  the  contents  were  found  to  have 
been  expelled  from  the  test  during  the  preceiUne  uight,  aud 
the  now  naked  aarcodc  had  divided  into  four  unequal  por* 
tiona  (PI.  XV,  fig.  10),  the  empty,  cast-off  inlcgumenl  lying 
near  to  them  in  a  wiinkled  mass.  Tbe  four  separated  por* 
tiona  changed  shape  very  slightly  and  slowly,  delicate  blunt 
extensions  of  transparent  protoplasm  occasionally  protrud- 
ing from  the  edges  of  each.  In  the  evening  of  the  ^aDie  day 
rapid  changes  were  continually  going  on ;  the  sarcodc  passing 
in  aheetB  from  one  portion  to  the  other.  The  drawing  at 
PI.  X  V^  fig.  1 1,  gives  a  good  general  idea  of  the  phenomena  at 
this  stage,  though  the  actual  condition  varied  every  instant. 
The  principal  masses  literally  poured  their  sarccde  one  into 
the  other.  Now  centres  towards  which  all  would  flow  were 
formed  every  few  minutes.  Some  of  these  for  a  short  time 
would  form  separate  and  distinct  masses,  and  then  reunite 
by  the  coalescing  of  the  sarcodc  extensions ;  so  that  there 
was  sometimes  but  a  single  mass,  which  within  a  few 
minutes  might  be  broken  up  into  half  a  dozen.  These 
alterations  continued  for  several  hours,  during  which  time 
no  trace  of  a  nucleus,  which  had  become  invisible  on  the 
first  constriction  of  the  Khiifiupod,  could  be  found.  On  the 
following  morning,  December  ltith,9a.m.,thp  whole  had  con- 
tracted into  one  principal  mass  (from  which  both  lobose  and 
filamentous  pseudopodia  were  freely  extended)  except  some 
minute  detacheil  patches  of  the  sarcodc  which  were  lying  at 
some  distance  from  it.  These  exhibited  feeble  amceboid 
movements  so  long  as  they  remained  free,  but  nere  at  once 
reabsorbed  into  the  principal  mass  on  coming  in  contact 
with  any  of  its  pseudopodia.  Examined  again  in  the  even- 
ing of  the  same  day  it  was  found  in  tbe  same  coiidilion,  but 
a  still  larger  number  of  the  outlying  amceboid  particles  of 
sarcode  had  during  the  interval  become  detached.  One 
very  small  spheroidal  particle  (PI.  XV,  figs.  15,  a,  h),  coiitnin- 
ing  rather  larger  granules  than  those  usually  present  in  the 
earoode,  was  removed  to  a  considerable  distance,  and  care- 
fully watched  until  January  S5lh,  by  which  lime  it  had 
gradually  given  off  all  its  contents,  and  apparently  melted 
away.  By  December  18th,  a  very  large  number  of  Amcebie, 
differing  in  no  recognisable  way  from  the  ordinary  forms,  and 
evidently  separated  from  the  sarcodc  which  had  been  coa- 
elantly  in  motion  for  the  past  nine  days,  were  travelling 
about  all   over  the    cell  cover.      These,  when  once   fairly 
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established  and  differentiated  iTito  endosarc  and  ectosarc, 
crawled  with  impunity  into  acIuhI  contact  with  the  pseudo- 
podia  of  the  otlier  S/wp/tcar delta,  nhicli  had  up  to  this  date 
retained  its  DonnEil  fotni,  without  in  any  one  instance 
^becoming  absorbed,  as  nax  the  case  in  their  earlier  stage*. 

During  the  night  precodiiig  December  18th  the  second 
Bpeciinen  began  to  change  its  torm.  Its  appearance  at  9  a.ni. 
on  that  day  is  represented  in  PI.  XV,  fig.  7.  The  sarcode  had 
entirely  left  one  portiun  of  the  intcji^umentj  and  collected  at 
the  other  extremity,  which  was  much  swollen  in  conse- 
quence. The  nucleus  could  still  be  seen  clearly,  and  the 
internal  rotation  went  on  in  the  sarcode,  but,  instead  of  two 
apertures,  it  now  possesaed  at  least  four,  from  each  of  which 
pteudopodia  were  emitted.  The  contraction  of  the  sarcode 
continued  slowly  and  steadily  throughout  the  whole  of  this 
day  and  the  next,  the  nucleus  became  more  obscure  as  the 
protoplasm  became  denser,  and  linjilly  was  lost  to  view  alto- 
gether, the  pseudopodia  being  at  tho  same  time  gradually 
withdrawn  from  the  wrinkled  end.  At  7  p.m.  on  the  19lh 
the  now  much  altered  Skcpheardciia  adhered  to  the  eel)  by  a 
few  psoudopodia  from  one  end  only,  and  had  become  broadly 
oTal  iucontour,  as  in  PI.  XV,  fig.  8,  «,  6.  Examined  twenty- 
four  hours  later,  the  integument  had  become  completely 
emptied  and  lay  in  a  wrinkled  rouu  on  the  free  end  of  the  ex- 
uded sarcode  (PI.  XV,  fig.  9,  J,  "  i").  The  naked  body  was 
adherent  to  the  glass  by  its  opposite  extremity,and  was  deeply 
constricted  in  a  quadripartite  manner,  and  evidently  about 
to  subdivide.  Further  obsorvatiouK  on  this  specimen  were 
nnfurtunutclr  prevented  by  tlie  partial  leaking  of  the  cell 
and  the  consequent  loss  of  the  object. 

To  return  now  tu  the  first  specimen,  whose  changes  up  to 
the  evening  of  December  18ih  have  been  already  noted.  I 
fouod  on  the  19th.  at  !>  a.m.,  that  it  had  once  more  divided 
into  two  sabglobular  musses,  wliich  cotitiuucd  to  give  out 
pseudopodia  freely,  especially  under  the  influence  of  the 
warmth  and  light  of  a  lamp,  until  the  l37th,  when  the  only 
remaining  evidence  of  life  ob&ervable  iu  them  was  a  feeble 
swarming  among  the  granules  of  the  sarcode,  and  this  also 
ceased  after  a  day  or  two.  After  remaining  motionless 
from  December  S9th  until  February  I&th  one  of  the  masses 
suddenly  gave  evidence  of  life  by  emitting,  whilst  under 
observation,  a  tohofie  «.xteu8ion  of  prulopksm  containing  three 
enlarged  graniileH.  In  a  shun  time  this  travelled  away  as 
an  Amceba,  within  whose  body  the  granules  appeared  as 
nuclei^  no  vesicle  or  vacuole  being  then  present,  but,  ex- 
amined again  next  day,  the  grauutcB  were  found  to  be  re- 
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placed  by  one  very  large  hyaline  vesicle  containing  Jenacr 
matters  within  it.  Wati^hcd  for  some  lime  this  vcainle  was 
wen  to  travel  towards  and  ultimately  protrude  bejond  the 
protoplafitu  of  the  Amoeba,  then  rupture  and  discharge  its 
contents  into  the  surrounding  water,  wherein  they  appeared 
aa  bright  spots  hcht  together  by  a  viacid  substance,  the 
vesicle  afterwards  colUpsing  and  disappearing  entirely.  From 
one  of  the  two  masses  a  thin  layer  of  protoplasm  is  still 
(March,  1880)  extended,  immersed  in  which  are  a  number 
of  very  transparent  and  much  enlarged  nucleated  granules, 
of  tolerably  regular  form.  Tn  the  larger  of  these  a  general 
slow  movement  of  the  contents  is  discernible,  and  some 
which  became  detached  afterwards  put  out  Acttfioufirt/9-\ike 
psGudopodia,  as  represented  in  PI.  XV,  fig.  IS,  a,l,c.  These 
new  forms  generally  develop  a  nucleus  and  small  internal 
contractile  vesicle,  and  in  one  instance  a  specimen  divided 
into  three  distinct  individuals.  Like  the  .\m(eba;,  most  of 
these  have  now  become  quiescent,  and  the  two  masses  of 
earcode  have  become  smaller  and  paler  in  colour,  in  con- 
sequence of  the  detachment  of  particles  from  them. 

From  the  foregoing  account  it  will  be  gathered  that  little 
beyond  the  dissolution  of Shepfieardclia  into  anicBboid  particles 
has  yet  been  quite  satisfactorily  traced.  No  attetnpl  at 
iisaion,  encystation,  or  anything  approaching  to  either,  and 
no  development  of  special  reprodnclive  bodies,  unless  we 
accept  as  such  the  minute  spheroid  drawn  on  PI.  XV,  fig.  15, 
having  yet  been  observed.  The  loss  of  the  Bpecimen  pos- 
sessing three  nuclei  was  a  matter  uf  mucli  regret,  an  I  had 
hoped,  jud^ng  from  what  has  been  noticed  in  other  simple 
organisms  haviug  more  than  one  nucleus,  that  it  might  ul- 
timately divide  into  three  distinct  individuals,  and  by  so 
doing  give  conclusive  evidence  of  at  least  one  process  of 
reproduction.  As  it  at  present  stands,  the  life  tiislory  of 
Shepheardella  may  be  looked  upon  as  a  chain,  a  few  links  of 
•which  are  here  presented,  the  major  portion  being  still 
missing. 

The  similarity  of  iSSo/j/jeflr(fc//a,  in  point  of  external  form, 
with  the  Gregarina  gigantea  of  M.  Van  Beneden,  has 
attracted  my  attention  ;  but  as  it  is  not  known  that  the  Gre- 
ffarinidte,  excevi  in  the  very  earliest  stages  of  their  existence, 
resemble  the  llhizopoda  in  possessing  the  power  of  extend- 
ing p^eudopodia,  the  idea  which  presented  itself  that  the 
animal  I  have  described  might  possibly  be  only  one  stage  of 
some  large  parasitic  creature  of  this  class,  has  not  jet  been 
seriously  followed  up.  Should  there  he  anything  in  il.s  life 
history  to  verify  or  controvert  this  superficial  resemblance 
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it   will  doubtless  become  apparent  in  continued  obeerva- 

tionff. 

Hittology. — Beyond  what  has  been  elated  nothing  has  beea 
elicited  from  living  specimeoB  concerning  the  structure  of 
either  integumetit,  sarcode,  or  nucleus,  but  the  exaroinatioa 
of  a  series  of  mounted  examples,  some  of  which  had  been 
previous!)'  treated  with  reagents,  has  revealed  some  further 
interesting  details  in  the  two  portions  last  named. 

As  to  the  integument,  further  investigation  only  corrobo- 
rates the  description  already  given,  that  it  is  a  perfectly 
iranoparent,  structureless,  homogeneous  membrane,  flexible 
and  elastic.  Viewed  in  optical  section  with  high  powers, 
that  is  to  say  magnified  from  (tOO  to  1000  (lijinietcrs,  it 
appears  to  be  double  under  some  coaditious  of  illumination  ; 
but  this  is  probably  an  optical  illusion, caused  by  the  unequal 
density  of  the  surfaces,  for  when  torn  across  it  docs  not  ex- 
hibit a  double  structure,  not  is  it  separated  into  distinct 
layers  by  the  action  of  reagents.  Dilute  acetic  acid  softens 
and  swells  it,  and  iodine  stains  it  brown,  but  it  is  unaffected 
by  carmine. 

Lying  immediately  within  the  integument,  and  closely 
adhering  to  it,  is  an  exceedingly  thin  stratum  of  very  finely 
granulated  Colourless  protoplasm.  Acetic  acid  causes  this  sub- 
cutaneous layer  to  rise  into  clcnr  sphericol  masses  destitute 
of  granules  but  furnished  with  a  large  number  of  vacuoles. 
A  camera  tracing  of  it,  mounted  in  glycerine  jelly,  magnified 
600  diameters,  is  given  on  PI.  XVI,  fig.  1.  The  sketch  is 
taken  from  a  specimen  in  which  tbe  denser  aarcode  occupy- 
ing the  interior  had  retreated  naturally  from  one  end, 
leaving  the  integument  with  this  delicate  lining  layer  ex- 
posed. The  nucleated  granules  and  masses  of  6rmer  proto- 
plasm seen  in  the  sketch  are  detached  portions  of  the  internal 
aarcode  remaining  upon  it. 

The  densely  granular  yellowish  sarcode  which  occupies 
the  whole  interior  of  the  body  is  affected  in  a  very  marked 
manner  by  osmic  acid,  dilute  alcohol,  and  picro-carmine, 
tbe  use  of  which  was  suggested  to  me  by  Professor  Lankea- 
ter.  By  the  application  of  these  reagents  each  granule 
it  tendered  distinct  and  separate,  and  has  the  appearance  of 
a  nucleated  cell,  the  central  speck  taking  the  carmine  colour, 
whilst  liie  peripheral  portions  remain  yellow.  The  drawing 
(PL  XVI,  fig.  2)  is  a  camera  tracing  of  a  portion  so  treated, 
mounted  in  glycerine,  and  magnified  GOO  diameters.  Some 
of  the  granules  exhibit  different  stages  of  multiplication 
into  two  or  more  by  fisiiparous  division,  and  their  minuta 
rize  will  be  realised  by  the  figuro  referred  to. 
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The  number  of  theM  nucleated  granules  contftined  in  each 
perfect  Shephmrdella  is,  of  course,  very  great.  They  are 
packed  so  closely  that  the  Barcode  seems  to  owe  its  density  and 

f'ellow  colour  to  their  presence,  and  yet  it  is  not  difficult  tobe- 
ieve  that  each  one  of  Ihcm  may,  by  (he  continued  exercise  of 
tbe  process  of  free-cell  formation,  and  possibly,  also,  the  exu- 
dation at  the  same  time  from  each  cell  of  a  coatiog  of  living 
protoplasm,  possess  the  power  of  becoming,  under  favorable 
circumstances,  a  new  indiridual  tike  the  parent  Shfphearddla. 
The  probability  of  (hi8  is  increased  by  the  great  enlargement 
in  size  which  takes  place  before  the  granules  are  liberated  as 
separate  living  organism?,  as  shown  in  PI.  XV,  fig.  15  h. 

The  nucleus,  which  tn  living  specimens  appears  to  be  so 
simple,  is  found    by  the    more   deliberate  examination  of 
mounted  specimens  to  be  of  exceedingly  complex  structure. 
It  consists  of  three  portions,  viz.,  a  lenticular  oval  body, 
which  may  he  termed  the  nucleus  proper,  an  embracing  but 
not  continuous  inner  coat,   and  an  outer  membranous  sac 
enclosing  the  whole.  The  nucleus  proper  ie  an  oval  biconvex 
celt,  bounded  by  n  very  delicate  wall  and  filled  with  proto- 
plasm, which  in  PI.  XVI,  fig.  5  h  and  a  will  be  seen  to  he 
contracted  and  coagulated  by  the  action  of  the  reagents  round 
the  edges  of  the  cell  ;  and  at  fig.  4  a  to  be  dispersed  over  its 
'whole  interior  surface.      It  poEseeses   within  it  a  distinct 
secondary  nucleus  of  somewhat  denser  protoplasm,  and  in 
this  again  a  central  spot  or  nucleolus  of  its  own.     Of  the 
two  surrounding  envelopes,  the  inner  one  is  a  simple  trans- 
parent membrane  very  slighrly  roughened  or  granulated  in 
texture,  apparently  composed  of  firmly  coherent  specialised 
protoplasm,  and  ou  this  the  nucleus  ties;  the  free  thickened 
edges  of  the  envelope  enfolding  but  not  completely  covering 
it  (sec  PI.  XVI,  figs.  3  6,  4  A,  5  c,  6  c).     The  outer  envelope 
is  &  simple  membranous  continuous  enc,  completely  enclosing 
both  nucleus  proper  and  inner  coat  (PI.  XVI,  figs.  S  c,&a, 
and  6  d).     It  is  perfectly  structureless,  and  so  transparent 
that  wh(;n  tightly  stretched  by  the  widely  opened  inner  coat 
it  cannot  readily  be  distinguished,  but  is  easily  seen  as  a 
somewhat  wrinkled  thin  skin  when  the  inner  coat  is  enfolded. 
Figures  4  and  5  are  taken  from  specimens  treated  with 
dilute  acetic  acid  and  subsequently  stained  with  carmine 
solution.     This  method  of  treatment  appears  to  answer  better 
than  any  other  for  rendering  the  structure  clear,  and  at  the 
Bftmc  time  staining  the  nucleus  proper  and  its  contents,  whilst 
the  coverings   relaiu    pretty    much    their    original    colour. 
Picro-carmino,  after  osmic  acid  and  dilute  alcohol,  renders 
the  nucleus  generally  very  distinct,  staining  it  red,  while 
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the  sarcode  remaint  yellow;  but  it  has  not  so  good  an 
an  effect  iu  other  respects.  Figures  3  and  6  are  from  selected 
specimens  mounted  like  the  last  two  in  glycerine  jelly,  but 
not  preriously  treated  with  reagents.  In  the  fonner  the 
nncleus  pro])er  is  plainly  discermhle,  but  its  coverings  are 
somewhat  confused,  whilst  fig.  6  shows  the  two  coats  T«ry 
clearly  but  not  the  nucleus  itself. 

From  the  appearances  that  have  been  described,  it  is  evi- 
dent that  the  moving  lines  noticed  in  the  nuclei  of  the  living 
specimens  are  caused  by  the  alternate  opening  and  closing 
<rf  the  folds  of  the  inner  envelope,  and  that  the  lines  indicate 
the  approximation  and  separation  of  its  free  thickened  edges. 
This  movement  is  probably  initiated  by  the  contraction  and 
dilation  of  the  nucleus  propter,  thence  communicated  to  the 
embracing  envelope,  and  by  it  rendered  apparent. 

The  objeciof  this  movement,  which  takes  place  without  any 
regularity  as  to  time,  it  is  not  easy  to  conjecture.  It  does 
not  appear  to  have  any  very  close  connection  with,  or  effect 
upon,  the  rotation  of  the  sarcode  within  the  body  of  the 
animal;  but  that  it  serves  some  definite  purpose,  probably 
an  important  one  in  the  economy  of  the  creature,  can  scarcely 
be  doubted. 

All  the  sketches  of  the  nuclei  were  drawn  originally  twice 
the  size  of  the  engraved  figures,  as  it  was  found  that  the 
details  of  structure  were  better  displayed  under  higher  mag- 
nifying power. 

At  present  it  wouhi  be  premature  to  assign  to  SkepkeardHla 
t^ni/onnia  anysyRtcmatic  position,  nor  could  thia  be  attempted 
satisfactorily  until  the  particulars  of  its  life  history  are  more 
fully  known.  What  has  been  already  made  out  appears  to 
indicate  that  it  belongs  to  the  Khizupuda,  but  there  seems 
no  type  hitherto  described  with  which  it  has  any  close 
affinity.  Apart  from  ita  remarkable  nucleus,  there  would  be 
little  reason  why  it  should  not  be  placed  near  Liehcrkiihnia 
Wageneri,  in  company  with  which  it  occurs  at  Tenby  ;  but 
the  presence  of  the  complex  body,  the  structure  and  move- 
ments of  which  have  been  described,  suggests  a  somewhat 
higher  organization  than  we  ate  accustomed  to  associate  with 
RiiizoiHKl  life.  Upon  this  point,  as  well  as  upon  others 
which  have  been  mentioned,  I  trust  to  be  able  before  long  to 
add  to  the  notes  now  offered,  which  must  be  regarded  as 
tentative  only. 

The  other  Khizopod  to  which  I  have  referred,  Lieberkuh- 
nia  Wageneri,  was  first  found  in  the  neighbourhood  of  Berlin 
by  MM.  Claparede  and  Lachmann,  and  was  described  and 
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jored  it)  llieir  *  Eludes  sur  le«  Infusoirfa  et  les  Rhiiopodes.'' 
The  original  figure  (reproduced  by  Dc.  Carpenter  in  his 
'Introduction  to  the  Study  of  Foratainirera,*  PI.  II)  ia  a 
lateral  view  yiily.  I  ftm  now  able  lo  give  Rome  drtails  in 
respect  lo  tlic  mouth,  ns  well  ns  concerning  other  points  in 
its  structure,  from,  specimens  obtained  From  the  WcUh 
coast. 

It  is  singular  that  so  remarkablo  an  organism  does  not 
appear  to  have  been  observed,  except  hy  its  original  dis- 
coverers, until  found  by  me  in  1S78.  My  8]>ecimen$  were 
obtained  from  the  sides  of  a  bottle  of  sea-water,  in  which 
I  was  keeping  some  llydrozoa  and  Polyzoa  collected 
on  the  shore,  at  low  water-mark,  near  the  Litlle  Orme's 
Head,  ('olwyn  Bay.  It  may  be  also  of  some  interest 
to  obBt-rve  that  the  same  gathering  furnished  6ne  specimens 
of  Haliphyaema  Tumanowkzii.  Its  non-appeamnce  for  so 
long  an  interval  may  be  accounted  for  by  the  fact  that  in 
English  books  it  is  invariably  stated  to  have  been  originally 
found  in  "  unknown /rejA  water  from  licrlin;"  but  having 
found  it  in  IHrS  in  sea-water  from  Colwyu,  and  subsequently 
in  sea>waier  from  Tjciiby^  either  the  Herlin  habitat  must  be 
erroneouSj  or  the  cicature  lives  indifferently  in  marine  and 
fresh  water,  the  former  being  the  likeliest  hypothesis.  If 
veastila  containing  marine  Alj^tc  aud  other  urganismts,  which 
have  remained  undisturbed  for  a  few  weeks  in  the  autumn 
of  each  year^  were  carefully  examined,  both  Ltehcrkuhnia 
and  Shepheardella  would  probably  be  found  lo  be  nut  un- 
common British  species. 

In  general  contour  Lteberkiihuia  is  ovate  or  rounded,  but 
the  outline  is  constantly  slowly  changing  by  ihe  movement 
uf  the  enclosed  sarcode.  The  actual  chiiTigc  in  shape  is  not 
Tcry  great,  and  consists  principally  in  the  gradual  iliUlion  of 
one  part  or  other  of  its  circumt'crcncc,  caui^ing  it  to  vary 
from  on  elongated  oval  or  pyriform  to  a  subglobular  form. 
The  milky-white,  somitransparcnt,  coarsely  granular  proto- 

fdasu),  of  which  the  body  consists,  is  invested  by  a  thin  pel- 
ucid  membranous  integument,  the  interior  surface  of  which  is 
lined  by  a  transparent  "  eubcuianeous  layer  "  of  finely  granu- 
lated protoplaGUU  Its  exterior  surface  is  set  wiclia  number  of 
highly  refractive,  short,  rod-like  spicules,  disposed  at  various 
angles  upon  it,  like  those  described  by  Greelf  in  Heliophrya 
ranaiiYis.  These  spicules  are  indistinguishable  ill  ilie  living  or- 
ganism,being  covered  by  the  coat  of  motile  protopUsm, but  arc 
brought  into  view  when  this  is  absent,  as  in  dead  specimens. 
Xhe  invc'stuieut  ia  sufficiently  flcxibli!  to  follow  closclv  a 
'  CJeneva,  ieM-1861. 
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le  changes  in  contour  of  the  aarcode  masa,  and  therefore 
not  ioiniptiialely  appat«iu  in  the  living  animal,  but  is  occa- 
eionally  exhibited  very  plainly  by  tlie  contraction  of  the 
sarcode  within  it  (PI.  XVI,  fij;.  8).  The  sarcodc  rotates  con- 
stantly within  this  inlegumunt,  and  emits  at  the  aarae  time 
from  a  terminal  orifice  a  main  Btem  of  protoplasm,  from 
which  the  freely  inosculating  and  branching  pseudopodia 
principally  arise.  Pseudopudia  are  also  numerously  put 
forth  by  the  coal  of  living  sarctMlc  which,  spreading  from  the 
main  aperture,  completely  invests  the  integument.  No  dis- 
tinct nucleus,  such  as  that  of  Shephcardella,  can  be  detected 
in  the  body,  but  there  an-  several  clt'ar  spaces,  as  shown  in 
fig.  8.  These  are  very  distinct,  as  they  are  carried  along  by 
the  rotating  protopla&m,  atid  are  persistent  in  form  and  size, 
partaking  more  of  the  nature  of  vacuoles  than  contractile 
re«icle9.  They  do  net  appear  to  posyetss  any  wall,  and  arc 
not  seen  in  a  mounted  snecimen.  In  addition  to  these 
vaciiolefl,  a  large  number  of  *'  vesicular  nuclei"  are  dispersed 
throughout  the  sarcode,  consisting  apparently  of  a  simple 
cell  enclosing  a  clear  fluitl  and  one  oi  more  nucleoli.  These 
are  especially  distinct  in  a  specimen  mounted  in  glycerine, 
a  camera  tracing  of  a  portion  of  which  is  given  on  1*1.  XVI, 
fig.  5,  showing  in  optical  section  the  integument  with  its 
epicula  (a),  the  vesicular  nuclei  {b),  the  granular  protoplasm 
(c),  and  the  "  subcutaneous  layer"  (d). 

The  "  vesicular  nuclei"  are  apparently  identical  with  the 
bodies  so  designated  by  Prof.  Kay  T.ankester  in  his  descrip- 
tion of  the  sarcode  of  Haliphi/sema  TurnanowiczH.*  They  are 
probably  not  quite  so  large  in  Lieherkuhnia,  \n  which  their 
average  diameter  is  about  TViruth  of  an  iaich  (0*013  mm.), 
the  size  of  those  present  in  Halipfij/sema  being  about  tt'ou*!* 
of  an  inch.  They  seem  to  be  equally  abumlant  in  both 
cases,  but  there  appears  to  be  some  difference  in  the  mauner 
of  their  distribution  ihrougliout  the  sarcode.  Vrof.  Lau- 
kester  having  observed  that  those  present  in  Ilaiiphysema 
were  "scattered  iu  the  protoplasm,  ....  being  most  abun- 
dant in  the  basal  portion  of  the  core,"  whereas  in  Lieher- 
kuhnia they  are  principally  found  resting  on  the  outer  surface 
of  the  internal  protoplasm,  just  within  the  iiubcutaneous 
layer.  I  have  not  been  able  to  detect  as  such  any  of  the 
"  egg-like  bodits"  of  the  same  author,  but  as  the  only  speci- 
men I  at  present  have  is  mounted  entire  in  glycerine  jelly 
without  previous  treatment  by  reagents,  they  may  possibly 
be  there,  although  indistinguishable  from  the  nuclei. 

This  apparent  identity  of  the  structure  of  the  sarcode  of 
I  '  QuwrterlT  Journal  of  MiVroecopicBl  Scivnc«,'  October,  1879, 
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iX,i«herkiiA«ia  with  thst  of  IlalipAytema  uppean  to  me  inter- 
esting, as  corroborative  of  the  conclusions  suggesteil  by  Prof. 
I^nkesler's  paper,  viz.  that  ITalip^yt^ma  is  correctly  placed 

l^amoDg  *'  arenaceous"  Foramini/era.     The  affiDity  existing 

'    etween  these  two  forms  is  further  demon stra ted   br  the 
tiered  BpicuUform  bodies  with  which  the  iulegumeut  of 

^Lu^erkuhnia  is  invested. 

The  orifice  or  mouth  of  LieherkUhnia,  as  seen  when  the 
creature  was  crawliug  mouth  upwards  on  the  thin  glass 
cover  of  a  cell,  is  situated  at  its  broader  extremity  in  a 
depression  formed  by  the  infolding  of  the  four  lobes  of 
the  integument,  taking  the  contour  of  a  square  whose 
angles  are  carried  outwards  into  projecting  points  (PI.  XVI, 
fig.  9).  The  sarcode  stolon  is  shown  in  the  sketch  as  a 
Bmall  oval  sjiot  in  the  centre  of  the  square — the  pseudopodia 
which  arise  from  it  having  been  omitted  to  avoid  confusion. 
To  the  life  history  of  Lieh^khunia  I  can  add   little  to 

Lvhat  has  been  already  recorded,  but  the  following  may  not 

Ibe  devoid  of   interest  as  illustrating  its  voracity    and  its 

[general  appearance  whiUt  feeding. 

On  the  5tli  of  October  last  I  found  a  very  fine  spccimeti 
anchored  to  the  side  of  a  bottle,  and  transferred  it  to  a  cell  by 
means  of  a  cameUhair  pencil.  When  oiamiued  under  the 
microscope  it  was  found  to  be  in  the  act  of  trying  to  swallow 
a  living  worm  quite  twice  as  long  as  itself,  which  it  had 
evidently   seized   whilst  iu   the  bottle,  retaining   its   hold 

tvpon  it  even  when  taken  up  by  the  hrueh  for  transfer  to 
the  cell.  The  means  adopted  to  accomplish  deglutition 
were  somewhat  singular.  Having  sot  one  end  into  its 
mouth,  the  Liehcrkiihnia  passed  a  thick  stream  of  sarcodc 
•long  the  worm  to  its  furthest  cxtremitj,  the  creature  mean- 
while making  feeble  effort*  to  escape  from  the  glairy  mass. 
Then,  having  got  well  hold  of  its  prey,  and  anchored  itself  to 
the  glass  by  an  outspread  network  of  pseudopodia,  it  pro- 
ceeded slowly  and  deliberately  to  envelop  it,  partly  by  re- 
tracting the  thick  band  of  sarcode,  and  partly  by  advancing 
its  own  body.  This  process  continued  until  the  pointed  end  of 
the  worm  was  pressed  so  lightly  againet  the  lower  extremity  of 
the  Lieherkiiknia  as  to  almost  burst  the  integument,  when, 
finding  it  could  engulf  it  no  further,  more  sarcode  llowcd  from 
the  interior  of  the  Khizopod  over  the  worm,  until  it  was 
completely  enclosed  (PI.  XVI,  figs.  10  and  11),  Matters  re- 
mained thus  for  some  time,  the  rotation  of  the  sarcode  going 
on  with  unusual  rapidity  meanwhile,  and  the  pseudojiodia 
being  spasmodically  emitted  aitd  retracted  iu  all  directions. 
After  a  couple  of  hours,  by  a  process  the  reverse  of  swallow- 
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ing,  ilie  worm  was  slowly  ejected,  quite  dead,  and  much 
cliaiigeil  in  appearance,  a  Urgu  propotliou  of  its  contents 
having  ajiparciitly  been  Euckcd  out.  For  sooiv  hours  sub- 
sequently the  Rhizopod  displayed  remarkable  actifity^  the 
pseudopodial  filaments  stretclung  out  on  all  sides  until  they 
eventually  entirely  filled  the  field  of  a  3  in.  objective,  the 
centre  being  occupied  by  the  creature  itself.  The  movement 
of  the  sarcode  to  and  fro  both  in  its  boily  and  in  every  rami- 
fication of  the  pseudopudia  was  much  increased  in  rapidity 
by  the  unwonted  feast,  and  it  was  not  until  six  or  seven  hours 
bad  elapsed  that  the  rapidity  and  force  of  the  streams  were 
sensibly  diminished,  after  which  the  animal  gradually  as- 
sumed an  almost  dormant  condition. 

In  conclusion,  1  may  just  relate  that  in  transferring  this 
specimen  from  the  bottle  to  the  cell,  I  had  some  difficulty  in 
detaching  it  from  the  pencil  point,  and  in  doing  so  accident- 
ally separated  two  small  portions  of  the  naked  external  pro- 
toplasm. These  detached  pieces  began  as  soon  as  they  were 
settled  in  the  cell  to  put  out  psendopodia  in  all  directions, 
until  at  last  no  central  mass  was  left  In  either.  Kach  had 
become  an  interlacing  network  of  pseudopodia.  The  parent 
Li^herkulmia  at  the  same  time  began  to  put  out  its  pseudo- 
podia, which  ultimately  reached  those  exteoded  from  the 
detached  portions,  and  the  moment  actual  contact  took  place 
tbey  coalesced,  the  fragments  again  becoming  part  of  the 
original  body — thus  repeating  what  had  been  previously 
observed  and  followed  a  stage  further  in  ShcphtardfUa. 
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BoDT  in  M^Chick.     IJy  An*M  SKi>n%virK,  B.A.,  Scholnf 
of  Trtnily    College,  Ciiinbridge ;    Demonstrator  in    the 
Morphological     Laboratorj*.        (Wiih      PhtM     XVII, 

xvin.) 


Thi«  paper  contains  an  account  of  observations  on  thft 
deTeloptutiat  of  the  excretory  sptem  of  the  chick,  made  witb 
11  view  of  elucidating  the  relation  which  the  kidney  bears  to 
the  Wolffian  body. 

The  Wolffian  budy  in  the  embryo  chick  attains  to  r  very 
great  development,  but  ailmosL  completely  attophiee  in  the 
adult,  a  small  part  only  persisting  in  the  male  as  part  of  the 
testicular  apparatus. 

In  the  embryos  of  lower  Vertebrates,  viz.  most  of  the 
Icthyopaida,  there  is  present,  similarly,  an  organ  called  the 
M'olffiaii  body,  nhicli,  however,  much  mora  completely 
persists  in  the  adult,  functioning  in  part  as  kidney  and  in 
part  as  semen  carrier. 

The  separation  into  an  urinary  part  and  into  asexual  part 
is  much  trioTC  complete  in  some  forms  than  in  others.  In 
the  KlasDiobianchii,  for  tastance,  the  posterior  part  of  the 
embryonic  Wolffian  bocly  gives  rise  in  the  adult  to  a  well- 
dcveloi>ed  gland,  the  kidney,  while  the  anterior  part  attaint 
a  far  less  deve)o|)menl: ;  in  fact,  more  or  less  retrogrades  in 
the  adult ;  but  in  the  mule  a  part  of  it  enters  into  connection 
with  the  testis. 

In  the  Anmigta  the  case  is  different.  In  them  an  embryonie 
organ,  called  the  Wolffiuii  body,  doea  not  function  at  all  in 
the  adult  as  an  excretory  origan;  it  almost  completely  alro- 
phies  from  its  eniliryonic  perl'ection,  only  a  small  part  per- 
sisting in  the  adult  male  as  the  cpidydimis.  The  organ 
which  functions  as  kidney  in  the  adult  arises  at  a.  rclativel}r 
Iflte  ata^,  and  is  not  apparently,  as  in  ElaBmobranchs,  a 
modified  part  of  the  hind  end  of  the  embryonic  Wolffian 
body.  What,  then,  is  (he  kidney  of  the  Amniotaf  Is  it  an 
organ  which  has  arisen  tie  w&roin  the  Amniota,  or  can  it,  by 
a  more  accurate  study  of  its  development,  be  traced  into 
relation  with  the  embryonic  excretory  system  ?  In  other 
words,  can  any  evidence  be  obtained  by  the  study  of  develop- 
ment proving  that  the  kidney  of  the  chick  phylogenetically 
has  been  modified  from  part  of  the  same  primitive  organ  as 
that  from  which  the  WulO'mn  body  developed,  as  is  the  catej 
in  the  IcihyopsidH  ? 
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To  obtain  an  answer  to  these  questions  I  have  been 
obliged  to  make  a  close  study  of  the  earliest  9lac;es  in  the 
development  of  the  kidney  and  WulQian  body.  The  reisults 
obtained  with  regArd  to  tlic  liitter  are  so  ilifierenl  from 
those  obtained  by  the  latest  observers,  that  I  have  recorded 
them  io  full  iu  the  foUowiii};  ncvount. 

Peculiarities  in  the  early  development  of  the  Avian 
WoiHan  body  necessitated  an  c^cnmination  of  the  early  de- 
velopment of  the  WoltGaii  tubules  in  other  Vertebrates. 
This  t-xaniiaation  I  was  enabled  to  make  in  the  caae  of 
Elasmobranchii  oning  to  the  great  kindness  of  Mr.  Balfour, 
who  placed  at  uir  disposal  the  whole  of  his  Etasmubrancb  eeo- 
lions.  Thercsult  of  this  examination  was  to  convince  me  that 
the  account  gircn  of  the  earliest  stages  in  the  development 
of  the  Elasmobranch  Wolffian  body  is  in  some  respects 
erroneous. 

Before  proceeding  to  an  account  of  the  observations 
maile  upon  these  heads  it  will  he  well  to  give  u  short 
historical  account  of  the  progress  of  our  knowledge  on  this 
subject,  i.e.  the  development  of  the  Wotfiian  body  and 
kidney. 

The  later  views  as  to  the  homolo;^es  of  thi;  parts  of  the 
excretory  eystem  found  in  the  ditfereut  members  of  the 
Vertebrate  group  dates  from  tlie  work  of  Bnlfoar^  and 
Semper^  on  the  embryology  of  Elasniobranchs. 

The  independent  discoveries  of  these  two  investigators 
gave  an  impulse  to  the  study  of  the  devflopmeut  of  the 
organs  in  question  in  other  animals,  and  as  a  result  it  has 
gradually  become  clearer  as  the  embryology  of  more  animals 
became  known  that  a  great  similarity  in  the  development  of 
ibest  organs  characterised  the  Vertebrala. 

The  earlier  observers,  Kemak^  and  liathke,*  maintained 
that  the  tubules  of  the  Wollfmn  body  develo]ied  indepen- 
dently of  the  Wolffian  duct  in  a  blastema  of  mesoblast  cells 
adjoining  the  inner  side  of  the  duct. 

Waldeyer,  in  liis  well-knowti  work,"  asserted,  frnm  his 
observations,  that  the  tubutei?  uf  the  Wollliaii  body  developed 
as  outgrowths  from  the  duct,  and  that  ihe  jMn]|>igliian  botlies 
arose  independently  in  the  adjoining  mesoblast.  The  views 
of  other  observers,  before  1874,  were  identical  with  one  or 
the  other  of  these. 


'  '  &Ionograpl>  on  the  Development  of  Blaamobranch  Fttihes.* 
'  '  Urogenitalsyatfin  dcr  I'lii^ioslomcti  ArbciCcn,'  vol.  ii. 

•  'Enttriclcelung  der  Wirbn-llliiwi','  >Sc. 

•  *  Eiitiiick«lung*gcir-liichte  tier  WirbcUhicre,'  Leipzig.  1861. 

•  'Eierstock  uiiJ  £i/  1870. 


A9AM  UMWICS. 

Since  I8'74  the  work  of  Gotie^  antt  Sp«ngel'  on  Am- 
phibia, Kulliker^  on  Avvs,  Rrauti*  on  I^certilia,  anil  Fiir- 
bringer  on  Teleostei,  Amphibia,  and  Aret^  has  «hewu  that 
the  excretory  sTStein  of  all  these  aiiimnls  is  developed  on  a 
type  seen  in  its  simplcat  funn  in  Klasmobraiichs. 

Kolliker  lirat  disco%'ercd  in  Aves  fttiuctures  composed  of 
etrtngs  of  cells  connected  with  the  Wolftian  duct  and  peri- 
toneal epitheliuni, and  placed  just  ventral  and  internal  to  the 
former.  These  he  compared  to  the  early  segmental  tubes 
described  in  Elasmobrauchv.  From  the  similarity  of  these 
structures  to  those  seen  in  FJasmohranchs  and  from  his 
own  observations  he  was  led  to  awicrt  for  them  a  deve- 
lopment similar  to  that  described  for  Elasmobranchs, 
viz.  from  segmental  iiirolutions  of  the  body-cavity  epi- 
thelium. 

In  this  he  was  followed  by  Fiirbringer,"  except  in  a  small 
detail,  the  latter  observer  denying  that  these  cell  strings  had 
any  lumen  opening  into  the  body-cavity. 

So  far  as  I  know,  no  ideas  as  to  the  morphological 
meaning  of  the  Amniote  kidney  was  held  before  1874. 

Conflicting  statements  were  then  put  forward  by  different 
observers  with  regard  to  the  actual  embryonic  development. 
Remak^  and  Kblliket^  inaintaiued  that  the  whola  of  the 
epithelium  of  the  kidney  tubules^  iticluding  that  of  the 
collecting  and  secreting  tubules  and  the  Malpighian 
bodies,  was  derived  from  a  simple  outgrowth  from  the 
ureter. 

The  condensed  mesoblast  tissue  which  lies  near  the  ureter 
and  its  offshoots,  in  their  opinion,  oitlv  gives  rise  to  the 
connective  and  vascular  elemiMits  of  the  Kidney. 

Kotliker  has  expressed  this  view  in  the  second  edition  of 
his  great  work  on  the  development  of  Vertebrates.  Lowe" 
has  also  recently  arrived  at  the  same  conclusion  from  his 
observations  on  Mammals. 

'  'Entwickelungsgescli.  d.  Unke.' 

'  "Da«  Urogen,  sjatem    d.   Amphibien,"  'Arb,   a,   d.   Slool.  last.' 
Wursburg,  Bd.  »,  1B76. 
'  '  Eqi.  ue>cb.  d.  Meusclien  u.  d.  hSheren  TEiiere.' 

*  "  Das  IXrogen-system  d.  d.  Eitihcimi»chen  Reptilien,*  Setnper't  *  Ar* 
beiteti.'  Bd.  4. 

*  "  Zur  vcrj^lffiaUenilpn  Anat.  u.  ^nntwiokeliini^ii^piichiclite  d,  Excre- 
tionsorgane  tier  Vertebraten,"  '  Mor]iUol,  .Jahrbucb,'  BJ.  4.  The  ronrlcr 
U  referred  tu  this  ndinirablt;  essny  for  (he  liternturi;.  and  u  complete  ac* 
count  of  our  knowlc<3gc  of  the  excretory  orgsnt  of  Vertebrates. 

Loc.  cit. 

*  Eatwickelang  dcr  Wirbcltbiere.' 
■  Loo.  olt. 

*  '  Cectridblatt  fur  die  Med.  WiMensoLafteD,'  Oct.,  1878. 
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Kupflct,'  Bornhaupt,'  and    Braun,'  on  the  oilier  hand, 

assert  that  ())0  srarctory  tubules  and  Malptghiaa  botHcii  are 

formed  iodepeiideiitly  of  the  ureter  iu  the  condensed  nieso- 

blast  tissue  menlioned  abovc^  the  outgrowths  from  the  ureter 

'merely  Riving  rise  to  the  collecting  tubules. 

I  shall  return,  whou  I  have  described  the  kidney  dtivelop- 
mcut  in  the  chick,  to  a  consideration  and  discussion  of 
the  various  hypothoaea  which  have  been  held  conccrningr  the 
Amniote  kiduvy. 

Development  of  Wolffian  body. — The  afjes  of  the  younger 
embryos  from  which  the  sections  figured  in  the  accompany- 
ing plates  (XVII  and  XVIII)  were  taken  are  indicated  by 
the  number  of  protoverlebriE.  In  the  older  embryos  this 
was  not  possible.  In  most  cases  the  place  in  the  body, 
from  which  a  section  figured  was  takeu,  is  indicated  by  the 
number  of  the  segment*  in  which  it  occurred,  counting 
th«  first  segment  behind  the  auditory  involutions  as  the 
first. 

These  determinatioas  have  been  made  with  some  care  by 
mounting  nil  the  sections  in  order,  and  then  by  observing  the 
protovertebra;,  anaiigiug  them  iuto  groups  corresponding  to 
each  proto vertebra,  beginning  the  process  always  in  front. 

The  observations  here  recorded  do  not  extend  to  any  part 
of  the  Wolffian  body  in  front  of  the  fourteenth  segment,  nor 
lo  the  development  of  the  Wolffian  duct.  I  have  made 
some  observations  on  both  these  parts,  but  they  nre  not  yet 
aufficiently  complete  to  enable  me  lo  understntid  certain 
remarkable  appearances  in  their  development.  The  Wolf- 
fian body,  like  most  other  organs,  develoitt  firiit  of  all  in 
front  and  then  gradually  backwards,  so  that  supposing  the 
development  behind  were  the  same  as  in  front,  the  process 
might  be  shewn  by  a  series  of  sections  from  a  single  chick 
of  the  proper  age.  But  this  is  not  the  case.  In  the  chick 
the  development  of  the  Wolffian  tubules  behind  ia  very 
different  lo  that  in  front.  This  fact  htii  appnrently  been 
overlooked  by  the  most  recent  obeorvers. 

The  development  of  the  Wolffinii  body  in  the  duck  is 
much  more  completely  similar  throughout  than  in  the  chick, 
and  reference  will  be  at  iiret  made  to  figs.  % — 5,  taken  from 
a  duck  embryo  with  thirty-one  or  thirty-two  proto  vertebrae, 
in  the  following  description. 

'  '  Arch.  f.  Mic  Anat./ Bd.  1. 

-  '  Un(LTflUL-hung>;n  vlber  d.  Enimck.  des  Urogen.  systecns  beim 
HubnctwD,'  Diss,  tnaug,,  Kign,  \^G.l. 

*  Loc.  cil. 

*  Tbo  term  tc^eat  la  lusd  as  equivalent  to  {avtonrtebrB,  muscle 
pble. 
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it  18  hardly  necessary  to  say  anything  About  it.  It  is  a 
mass  of  cells*  (woodcut,  fig.  1),  stretching  between  the  proto- 
vertebra  (P.  v.)  and  the  dorsal  inner  angle  of  the  body- 
MTity  (p.p.).  It  is  on  its  first  formation  continuous  with 
the  pcrttonml  epithelium.  Its  relation  to  the  protovertebra 
is  obscure,  and  I  ha%-e  been  unable,  so  far,  to  make  it  out 
Mtisfactorily.  There  is  one  point,  however,  to  be  borne 
in  mlud  concerning  this  intermediate  cell  mass ;  it  is  con- 
tinuous, I.  e.  is  not  divided  by  the  lines  of  segmentation 
into  areas  corresponding  to  each  protovertebra. 

Very  soon  after  the  intermediate  cell  mass  is  established 
it  undergoes  a  change.  It  becomes  at  some  points  more  dis- 
tinctly continiions  with  the  peritoneal  epithelium,  at  others 
less  so.  And  finally  this  culminates  in  a  clear  continuity!  as 
teen  in  fig.  S,  and  a  marked  discontinuity,  as  seen  in  fig.  3. 
In  fig.  2  we  have  what  practicidly  amounts  to  a  continuatioD 
f)l  the  body-cavity  into  the  intermediate  cell  mass  (t  c  in.) ; 
in  fig.  Z,  on  the  other  hand,  the  intermediate  cell  mass  is 
distinctly  disconnected  wilh  the  peritoneal  epithelium,  and 
lies  as  a  mass  of  cells  between  it  and  the  protovertebra.  Al- 
though these  figures  are  not  taken  from  contiguous  sections, 
fig.  S  being  taken  from  the  thirtieth  segment,  and  fig.  3  from 
the  twenty-ninth,  yet  for  all  the  important  details  fig.  3 
represents  exactly  a  section  next  or  next  but  one  to  fig.  S. 
The  iutenncdiale  cell  mass  is  then  now  present  as  a  cord  of 
cells  continuous  from  segment  to  segment,  and  continuous 
at  inicrvals  wilh  the  peritoneal  epithelium.  Fig.  4  repre- 
sents the  two  conditions  of  the  iutermedinte  cell  mass,  as 
seeu  in  a  single  section  taken  from  the  twenty-sixth  seg- 
ment. 

At  the  next  stage  of  development  the  intermediate  cell 
miass  entirely  breaks  away  from  the  peritoneal  epithelium, 
and  lies  as  a  cellular  blastema  just  internal  to  the  Wolffian 
duct.     It  may  be  called  the  Wolffian  blastema. 

The  Wolffian  blastema  almost  directly  breaks  up  into  the 
stractures  constituting  the  first  rudiments  of  the  Wolffian 
tubules  (fig.  5). 

The  development  of  the  Wolffian  blastema  in  the  chick 
needs  further  description. 

In  the  anterior  region  of  the  Wolffian  body,  as  far  back  as 
the  nineteenth  or  twentieth  Begments,  the  above  description 
of  the  conversion  of  the  intermediate  cell    mass  into  the 

■  The  Unn  intcnnedi>te  c«II  mans  in  Uiix  account  is  only  used  to  in- 
dicate ibe  cell  mass  connecting  a  praiotettebra  with  the  peritoneal  epi- 
tbdiotn,  and  aever  refers  to  tbe  cell  Dinsa  occupyioK  tbe  ittoe  potiUon 
bcfbre  segmentation  has  ;^Tcn  riic  to  protovertebra!. 

voj.,  xz. — MRw  sea.  I, 
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Wolfliftn  hlasti^ma  applies   {vide  fif?.  1);    bnt    behind    thin 
recoil  the  development  it  tUfferent. 

Here,  even  before  the  segments  are  formed^  it  la  found 
ihat  the  rell  mass,  which  on  epgmentation  gircs  rise  to  the 
iotermediale  cell  mass,  is  distiDcll}*  separate  from  the  thick 
epithelium  of  the  body-cavity,  but  attached  to  the  cell  mass, 
which  will  give  rise  to  the  protovertehra  (fig.  6,  taken 
from  a  chick  with  twenty-six  protovtitebrie  behind  the  last 
proioTerlphra). 

And  this  separation  is  apparently  retained  through  later 
development.  The  cell  mass  (icm',  fig.  6),  in  the  next  stage 
(fig.  T,  taken  from  twenty-ninth  segment  of  a  chick  vrith 
twenty*nine  protovertebree)  is  obviously  the  WotfliaQ  bla»- 
tcma  which,  in  a  still  later  Btnge  (fig.  10,  from  the  twenty' 
ninth  segment  of  a  chick  with  thirty-four),  gives  rise  to  the 
commencing  WolffiEin  tubule. 

The  same  fact  may  be  seen  by  comparing  figs.  8  and  9, 
£g.  8  being  taken  from  the  twenty-fourth  segment  of  a  chick 
with  twenty-six,  and  iig.  9  from  the  twenty-fourth  segment 
of  a  chick  with  twenty-nine. 

It  will  be  oWrved,  by  inspection  of  fig^.  6,  7,  8,  thnl  the 
peritoneal  epithelium  which  adjoins  the  WolQian  blastema  is 
thick,  as  it  is  elsewhere;  while  later  (figa.  9,  10)  it  is  in 
the  same  spot  thin,  as  It  is,  or  will  be,  in  moat  oUier  parts 
of  the  body-cavity. 

No  doubt  this  thick  epithelium  does,  in  the  process  of 
becoming  thin,  bud  off  cells,  which  travel  inwards,  and  some 
of  which  may  help  to  form  the  definite  WolfRan  blastema 
(figs.  9,  10).  But  this  process  takes  place  evcrvwhere.  In 
fact,  at  an  early  stage  of  development  almost  nil  the  nieso- 
blast  cells  are  represented  by  the  thick  lining  of  the  body- 
cavity  ;  and  it  is  by  ti  process  of  growth  inwards  of  cells  fronJ 
this  tlmt  most  of  the  conuccdve  tissue,  &c.,  of  the  wall  of  the 
body  Biid  gut  is  derived ;  and,  therefore,  from  the  analogy  of 
the  fate  of  the  cells  growing  out  from  the  body-cavity  wall 
in  other  places,  we  might  fairly  assume  that  these  growing 
out  from  that  particular  part  adjoining  the  intermediate  ccU 
mass  or  Wolffian  blnstema  give  rise,  not  to  the  Wolffian 
tubules,  but  to  the  connective  tissue  aud  blood-vessels  of  the 
Wolffian  body.  This  is  rendered  highly  probable  from  a 
consideration  of  some  observations  I  have  m.iJe  on  the  de- 
velopment of  the  segmental  tubes  in  Elasmobranchs,  which 
point  to  the  conclusion  that  the  epitbclinl  lining  is  derived 
from  the  cells  of  the  intermediate  cell  mass.  However  that 
may  be,  of  one  fact  there  can  be  no  doubt,  viz.  the  cells  from 
which  the  Wolffian  tubules  develop  are  not  derived  from 
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serial  inffrowths  of  the  body-cavUy  epithelium,  for  this  thiti- 
nitig  uf  the  peritoneal  epithelium,  adjoining  the  regiou  where 
they  willapjiear,  is  continuous,  i.e.  cells  must  grow  in  along 
a  line  extending  tho  whole  length  of  that  part  of  the  body- 
CBTity  which  the  Wolffian  body  adjoiiie. 

Tlie  dcvelflpmcnt  of  the  Wolffian  hlaslema,  so  described,  is 
continued  as  far  back  as  the  openiiifj  of  the  Wolffian  duct 
into  the  cloaca,  which  occurs  ia  the  thirty-fourth  segment. 
In  fig.  IS  it  may  be  seen  in  the  thirty-stxond  segment  {kb). 

The  Wolffian  blastema  of  the  chick  then  develops  in  two 
slighlly  different  ways. 

In  the  anterior  part,  about  as  far  back  as  the  twentieth 
(fig.  1)  segment,  that  process  of  development  which  has  been 
described  at  length  in  the  case  of  the  duck  (iu  which  animal 
it  is  apparently  the  only  method  of  development)  is  passed 
through  in  (he  chick. 

Posteriorly  from  the  twentieth  segment  the  intermediate 
cell  mass  has  never  any  connection  with  the  peritoneal  epi- 
theliuin,  and  gives  rise  to  the  Wolffian  blastema  quite  inde- 
pendently of  the  perilotieal  epithelium.  This  latter  process 
15  clearly  an  abbreviation  of  that  which  takes  place  through- 
out in  the  duck  and  in  the  anterior  part  of  the  chick. 

I  have  menUoned  the  twentieth  segment  as  about  the  limit 
between  the  two.     I  cannot  fix  the  exact  limit. 

It  has  been  stated  above  that  in  the  case  of  the  duck  and 
ihe  anterior  part  of  the  chick  (figs.  1,  2,  4)  the  intermediate 
cell  mass  becomes,  at  certain  points,  very  markedly  con- 
tinuous u-ilh  the  peritoneal  epithelium,  and  appears  to  en- 
cloae  a  prolongation  of  the  body-cavity  (tig.  1  and  fig.  S). 
Stieh  eoonections  are  undoubtedly  rudiments,  of  the  nephro- 
stomata  seen  iu  other  Vertebrates.  They  do  not  occur  seg- 
mentally,  being  situated  as  often  as  not  between  the 
proioveriebrffi. 

Rudiments  of  these  rudimentary  nt-nlirostotnnta  occur  ia 
the  posterior  part  of  the  chick's  Wolflmn  body;  that  is, 
although  a  fairly  sharp  line  can  always  be  drawn  between 
tho  WoLfCan  bUsteiua  and  the  peritoneal  epithelium,  yet 
the  oeUs  of  the  latter,  at  certain  points,  arrange  themselves 
just  as  they  do  in  front,  where  the  line  of  the  body-cavity  is 
continued  into  the  intermediate  cell  mass.  The.se  latter 
rudiments  are  very  obecurc,  and  I  have  been  unable  to  make 
any  satisfactory  determination  of  their  number.  They  may 
be  due  merely  tu  au  accidental  arrangement  of  tho  cells, 
which  might  occur  in  consequence  of  the  bead  in  the  peri- 
toneal epithelium  at  this  point.  Whether  the  rudimeutnry 
nepbrustomata  iu  the  anterior  part  of  the   chick's  kidney 
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(fig.  1')  are  continued  as  tmi\\  cliaaneU  in  the  inlcrmeiliate 
cell  nitss  OT  Wolffian  blastema,  anil  remain,  pulargiiig  when 
the  Wolffian  tubules  arc  foimed  later,  I  have  been  unable  to 
Ofceitaiu.  Neither  have  I  been  able  to  Mtisfjr  mjself  aj  to 
another  interesting  point,  rii.  Do  those  rudimeniary  nephro- 
Btomata  coTTespond  to  the  Wolffian  tubules  Bubiequentlj 
developed?  In  the  chick's  twentieth  segment  oerei  more 
than  three,  at  the  most,  nephrostnmata  can  be  made  out, 
yet  there  are  four  or  five  primary  Wolffian  tubules  later. 

Has  this  increase  been  caused  by  the  development  of  more 
tubules  than  there  were  nephrosomau,  i.  e.  by  intercalation, 
or  has  it  been  caused  by  a  change  in  the  relation  of  the  parts 
to  one  another,  due  either  to  an  elongation  of  the  pcuto- 
Tertebra  or  to  the  travelling  forward  of  the  tubules  as  they 
are  developed  behind  ? 

I  shall  return  to  the  consideration  of  this  point  in  a  future 
paper. 

The  mode  in  which  the  Wolffian  blastema  behind  the 
twentieth*  segment  breaks  up  into  tubuleSj  so  far  as  1  have 
been  able  to  ascertain  ii^  is  the  following: — A  number  of 
vesicles,  either  oval  or  circular,  lined  by  cotomnar  cells,  and 
lying  just  internal  to  the  Wolffian  duct,  make  their  appear- 
ance (fig.  6).  In  longitudinal  sections  it  may  be  seen  that 
these  vesiclee  closely  adjoin  one  another  an  I  ero>  posteriorly. 
They  are  developed  from  those  cells  of  the  Wolffian  blastema 
immediately  adjoining  the  inner  border  of  the  Wolffian  duct. 
By  a  study  of  transverse  sections  it  appears  that  each  vesicle 
is  continuous  ventrally  with  that  part  of  the  Wolffian  blas- 
tema which  has  not  undergone  conversion  into  the  walls  of 
the  vesicle,  and  which  _lies  just  internal  to  the  vesicle.  The 
celhs  of  this  part  of  the  Wolffian  blastema  very  soon  arrange 
themselves  round  what  appears  as  a  continuation  of  the 
original  vesicle  (fig.  11).  From  the  inner  and  dorsal  wall 
of  the  last-formed  structure  a  glomerulus  is  uhiniatcly  de- 
veloped. The  whole  structure  grows  enormously,  and  gives 
rise  to  the  Malpighiau  body  and  cumplicated  coiU  of  the 
later  Wolffian  tubule.  At  about  the  stage  of  development 
represented  in  fig.  11  the  tubules  acquire  an  opening  into 
the  Wolffian  duct. 

The  question  as  to  whether  or  no  there  arc  outgrowths 
from  tlic  WoUIiiin  duct  to  meet  the  independently  developed 

*  Fide  also  fig.  125,  of  Kotlilcer'a  '  Entwlck.  g«*cb.  dcr  M«[i«ctien  u. 
der.  b.  Tbigre.' 

*  I  reserve  on  sccouat  of  tbe  development  of  tlio  tubules  in  Trout  of  the 
tweaiielb  sesmcnc,  at  my  obicrv&tion!)  on  thifl  point  are  nt^t  yet  suffi- 
ciently complete  to  enable  van  to  speak  with  coruioty. 


J 


I 
I 


I 


Wolffian  tubules  is  not  ea>y  to  uuvrer.  1  Inre  it  open  noir, 
but  hope  to  be  in  a  positioD  to  gire  a  defiDile  uinnr  Mun. 
Now  I  trill  merely  f.tMe  that  there  ire  appemnoc«s  in  my 
sections  which  incline  me  to  the  opioioo  that  Iberc  are  ouc- 
growtbs  from  the  WolfEan  duci  nhtchj  in  the  cue  of  ttiA 
primarj  WolfRan  tubule,  are  soHiJ,  but  hollow  in  the  case  of 
tbe  secondary  and  tertiary  tubules. 

Tbe  above  description  of  the  dcTelopment  of  the  primary 
Wolffian  tubules  differs  from  the  most  recent  account  of 
Kdlliket*  auti  Filrbringer,*  I  hare  slftted  abore  the  views 
which  tliese  distinguished  observers  hold  as  to  the  develop. 
ment.  They  have  described  perfectly  correctly  one  stage  in 
the  development  of  the  anterior  part  of  the  Wolffian  bodv. 
1  have  often  Been  the  appearances  given  by  Kdllikcr  in  fig. 
145  of  his  work,  and  have  given  myself  a  similar  represen- 
tation (fig.  1).  But.  if  1  understand  them  correctly  they 
bare  given  an  erroneous  account  of  the  earlier  development 
of  these  Structures.  Furbringer  says  of  them  (p.  67j  :  "  Sie 
ficden  sich  in  reihenn-eiser  Anordnung  als  solide  Urniercn- 
strange  die  von  dem  parietalen  Peritoneum  ventral  und 
medial  rom  WollTschcn  Gange  ausgehen.  .  . .  Sehr  bald  l6««n 
»tch  diese  Urn ie re u strange  von  dem  parietalen  Peiitoneum 
ab  undliegen  nun  ah  nindlichesotide  Zellenmassen  retrope- 
ritoneal neben  dem  Wolff*s:hen  Gange,  ein  Stadium  das  die 
Geobachtungen  der  mersten  .\utoren  dcckt."  It  is  easy  to 
see  how  Fiirbringer  has  been  misled.  He  has  seen  in  trans- 
verse sections  in  a  fairly  young  chick  the  S>$haped  strings 
of  cells  (solide  Urnierenst range)  in  connection  with  the  pen- 
toneal  epiilicHum.  He  has  rIso  seen  in  an  older  chick  the 
Wolffian  blastema  of  the  posterior  region  of  the  Wolffian 
body  (rundliche  solide  Zeilenmusaen).  Both  these  observa- 
tions I  can  entiicly  confirm.  But  apparently  he  has  not 
examined  the  condition  of  these  structures  at  an  earlier 
stage,  assuming  that  they  originate  as  solid  outgrowths  of 
the  peritoneal  epithelium.  This  assumption  my  observa- 
tions prove  to  be  unwarranted. 

The  older  observers  (sec  above)  were  quite  correct  in  their 
BlatcmeniB  of  the  origin  of  iho  Wolffian  tubules,  as  struc- 
tures developed  in  the  intermediate  cell  mass,  independently 
of  the  Wolffian  duel,  and  later  ncquiring  an  opening  into  it. 

WaldeyerV  statement  that  the  Malpighian  body  thus 
develops,  the  re»t  of  the  Wolffian  tubule  developing  as  out- 
growths from  the  Wolffian  duct,  is  in  my  opinion  erroneous. 
For  if  there  be  an  outcrowth  from  the  WollHan  duct  it 
does  not  give   rise   to    tne  whole  tubule,  exclusive  of  the 

'  Loc.  «it.  ^  '  Morph.  Jahrbucb,'  Bd.  i  '  !*<»  cil. 
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Malpighian  body,  the  structure  developed  iodependentlf 
in  tlie  Liiterniediate  cell  maus  certainly  giving  rise  to  more 
than  the  Malpighian  body. 

I  now  pass  to  the  development  of  the  secondary  tubules, 
&c.  Fiirbriiigcr'  derives  them  atso  from  peritoneal  in- 
growths. Tie  liHS  not,  however,  giv(^n,  so  far  ns  I  know,  any 
figures  showing 'this.  I  have  examiucd  this  point  with 
some  care,  but  have  quite  failed  to  discover  any  traces  of 
these  sccondan,'  ingrowths. 

The  secondary  tubules  appear  to  me  to  arise  from  a  small 
mass  of  cells.  They  occupy,  at  u  slightly  earlier  stage,  the 
position  of  wt.*  in  fig.  11.  In  this  figure  the  vesicular 
rudiment  of  a  secondary  tubule  has  Appeared  in  this  mass  of 
cells.  The  tertiary  and  quaternary,  &c.,  tubules  appear  to 
arise  successively  at  a  slighily  later  »tage  from  similar 
small  maEEcs  of  cells,  which  are  always  placed  just  dorsal  to 
the  last-formed  tubule.  The  later  development  of  these 
secondary,  tertiary,  &c..  Wolffian  tubules  is  very  similar  to 
that  of  the  primary. 

The  time  of  development  of  the  primary  tubules  relatively 
to  that  of  the  secondary,  &c.,  tubules  varies  in  different  parts. 
Anteriorly  the  primary  tubule  is  much  more  developed  (in 
fact,  has  acquired  an  opening  into  the  WolfBan  duct,  not 
figured  in  fig.  II],  before  the  first  trace  of  the  eecoudary 
tubule  arises  (fig.  11)  ;  while  posteriorly  a  secondary  and  ter- 
tiary tubule  have  appeared  almost  before  the  primary  tubule 
has  lost  its  vesicular  structure  (dg.  13}. 

The  development  of  the  secondary,  &c.,  Wolffian  tubules  id 
the  chick  appears  to  be  very  much  abbreviated. 

Whatever  may  have  been  their  development  iu  phylogeuy, 
no  light  is  thrown  upon  it  by  their  ontogeny.  Nor  even  can 
a  comparison  be  made  between  their  development  in  (Ue 
chick,  and  that  in  other  forms  in  which  it  is  possible  to 
suppose  the  development  is  less  abbreviated.  In  Elasmo- 
brancbs  the  secondary  tubules,  as  Balfour*  has  shewn, 
develop  in  connection  with  the  Malpighian  bodies  of  the 
primary  tubules,  as  outgrowths  from  them,  which  eventually 
open  into  the  collecting  tubules  of  the  segment  in  front. 
Neither  Balfour  nor,  as  far  as  I  know,  any  other  observer, 
have  elucidated  the  development  of  the  tertiary,  &c.,  tubules 
in  Elasmobranchs. 

In  the  Salamander  Fuibringer^  has  shewn  that  they 
develop   as  they  do  in  the  chick  from  cell  masses  closely 

'  Loc.  cit. 

*  Balfour, '  EUsDiobraDch  Pishes.' 

*  Loc  oi(. 
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adjoining  the  primary  tubules,  and  from  an  inspection  of  his 
figures  it  is  nfident  that  these  cell  masses  are  situated  close  to 
the  Malptghian  body  of  the  primary  tubule.  In  the  chick  I 
have  sought  in  %'ain  for  some  clear  sign  in  the  development 
of  these  cells  which  would  enable  a  comparison  to  be  insti- 
tuted with  Elai^mubranch  development. 

In  the  chick  the  cells  of  the  Wolffian  blastema  do  not  all 
BecDi   to  be  used  in  the  formation  of  the  primary  tubule 

■  Those,  that  are  not,  seem  to  collect  at  a  special  point,  t.  e. 
just  dorsal  to  that  part  of  the  primary  tubule  which  will 
become  eventually  the  Malpighian  body.  The  cells  of  the 
primary  tubule  are  especially  thick  at  this  poitit,  and  per- 
haps they  give  rise  to  some  of  the  celU  for  the  secondary 
tubule  (fig.  11).  Even  if  this  is  the  case — and  we  may  look 
upon  the  secondary  tubule  as  an  outgrowth  from  the  primary 
tubule — it  is  impossible  to  say  where  the  secondary  tubule 
•0  formed  opens  into  the  Wolffian  duct. 

ITliis  brings  me  lo  another  difference  between  the  dorsal 
tubules  of  the  chick  and  those  of  Elasmobranchs.  In  the  latter 
they  all  open  into  the  collecting  part  of  a  primary  Wolffian 
tubule.  In  the  former  they  all  open  independently  into  the 
Wolffian  duct,  or  it  may  be  into  an  outgrowth  from  it,  but 
separately  h-om  the  primary  tubule.  This  latter  point  I  am, 
as  above  stated,  obli;;ed  to  leave  open  at  present.  The 
number  of  primary  tubules  present  in  one  segment  seem  to 
be  fairly  constant,  five  or  six  to  each  segment,  throughout 
the  Wolfiiau  body,  except  quite  in  front,  where  there  seem 
to  be  fewer.  All  eegmeuts,  from  the  tiventicth  to  the 
thirtieth  inclusive,  contain  five  or  six  primary  tubules.  In 
frout  of  the  tweuiieih  tegmeut  they  seem  gradually  to  de- 
crease. In  the  first  segment  in  which  a  fully  developed 
tubule  appears  there  seems  only  to  be  one,  the  number 
increasing  rapidly  to  the  twentieth. 

The  dorsal  tubules  appear  in  greater  number  behind 
than  Id  frout.  In  the  twenty.eighth  segment  I  have 
couutcd  as  many  as  four,  but  more  are  possibly  dcTcloped 
later.  They  correspond  in  number  lo  the  primary  tubules, 
i.  e,  if  Ibere  are  five  primary  tubules  in  the  twenty-eighth 
segment,  there  are  twenty  secondary  tubules  (five  sets  of 

Lfonr).  The  most  anterior  segment  In  which  a  secondary 
tubule  appears  is  the  twenty-first  or  twenty-second;  I  have 
not  been  able,  however,  to  localise  it  exactly. 
D^^pment  of  kidney. — The  development  of  the  Wolffian 
blKslema  from  the  intermediate  cell  mass  has  been  described 
Is  far  back  as  the  thirty-fourth  segment  j  i.  £.  to  the  opening 
of  the   Wolffian  duct   into  the   cloaca;  it  is  never   seen 
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behind  this  point.  But  it  does  not  nil  unilcrgo  the  above 
development  into  WolfDan  tubules.  It  break*  up  into 
WolffiAn  tubules  as  far  back  as  ihe  thirtieth  segment.  Behia 
this  point,  r.  e.  from  the  thiriy-first  to  the  thirty -fourth 
Fegmentfi  inclusively,  the  Wolffian  blastema  undergoes  quite 
a  different  fnte.  It  remains  for  some  time  almost  ijuite  pas- 
sive and  ullimalelj-  gives  rise  to  the  epithelium  of  the  i>er- 
manont  kidneys.  In  consequence  of  this  I  have  ciilleil  (hat 
part  of  the  Wolffian  blasicma  between  ihe  thirty-first  and 
thirty-fourth  segments  the  kidney  blastema ;  and  in  future 
shall  refer  to  it  by  that  name  (fign.  12,  15,  IG,  17,  hb).  It 
is  important  to  notice  that  this  kidney  blastema  develops 
in  an  exactly  similar  manner  to  the  Wolffian  blastema. 

It  is  not  until  well  into  the  fourth  day,  when  the  ureter 
has  appeared,  that  it  is  possible  to  draw  the  line  between 
the  two. 

Fig.  IS  is  taken  from  the  thirty-second  segment  of  a  chick 
with  thirty-four  protOTertebrac ;  it  shows  a  blastema  of  cells 
lying  just  internal  to  the  Wolffian  duct.  Fig.  10  is  taken 
from  the  twenty-itinih  segment  of  tlie  i^ame  cluck.  It  shows 
the  hindermost  trsice  of  a  Wolffian  tubule  I  could  find  at 
this  stage.  In  all  the  sections  between  figs.  10  and  1£  there 
IB  present,  just  as  in  lig.  1^,  a  blastema  of  cells  lying  just 
internal  to  the  Wolffian  duct. 

In  a  slijjhtly  older  cmbiyo  the  hindermost  trace  of  a 
Wolffian  tubule  would  be  in  the  thirtieth  segment.  In  sfill 
older  embryos  secondary  tubules  would  have  appeared  in  the 
thirtieth  segment,  but  no  trace  of  a  primary  tubule  in  the 
ihirty-lirstj  and  so  on  in  later  stsges.  Wolffian  tubules  never 
appearing  in  the  thirty-first  segment.  In  the  embryo,  from 
which  figs.  IS  to  17  were  taken,  the  ureter  had  not  nppeareil. 
In  examining  a  aeries  of  sections  from  the  posterior  part  of 
this  embryo,  some  of  which  are  figured  (figs.  13  to  17j,  the 
following  points  are  noticeable,  illustrating  what  has  just 
been  stated. 

A  primary  and  secondary  tubule  arc  present  in  fig.  14,  and 
it  is  almost  the  last  eeciion  in  which  any  trace  of  a  Wolffian 
tubule  can  be  seen  (the  two  above  tubules  are  cut  in  the 
next  two  sections).  The  tubules  adjacent  anteriorly  to  these 
are  three  in  number  (fig.  13),  consisting  of  primary,  secon- 
dary, and  tertiary.  Supposing  the  Wolffian  body  were  going 
on  developing  in  the  region  behind  tliat  from  which  fig.  14 
was  inkcn,  we  ouglit  at  ihc  least  to  find  at  ihisstnge  primary 
tubules  in  that  region,  for  the  formation  of  primary  and 
secondary  tubules  is  always  separated  by  an  interval  of  time. 
put  no  such  primarj-  tubules  are  seen.  Behind  fig.  14  (figs 
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a  blastema  of  cells  is  still  present,  precisely 
its  appearance  and  position  wiili  regard  to  the 
Wolfliau  duct  to  the  WoltHan  hlostcma  seen  anteriorly  at 
earlier  slage?^  and  to  the  blastema  seen  in  the  same  region 
at  later  stages  (fig.  12).  And  this  can  be  traced  back  to  the 
opening  of  the  Wolffian  duct  into  the  cloaca  (fig.  17). 

To  this  blastema  of  cells  I  have  given  the  name  kidney 
blastema;  it  is  at  this  stage  perfectly  continuous  anteriorly 
viih  the  hinder  Wolffian  tubules,  the  junction  between  the 
two  lying  in  one  of  the  two  sections  intervening  between 
figH.  14  and  15.  I  ought  rather  to  say  the  Hue  of  future 
separation,  for  so  far  they  have  been  always  continuous, 
having  developed  ao.  The  continuity  between  the  kidney 
blastema  {filf)  and  th«  hinder  part  of  the  WoIOiau  body 
may  be  seen  in  fi^.  21,  which  is  taken  from  a  chick  of  nearly 
the  same  age  as  that  from  which  figs.  13—17  were. 

In  this  figure  the  section  has  passed  through  the  hind  end 
of  the  Wolffian  duct  and  through  the  kidney  blastema,  and 
has  just  shaved  the  hinder  end  of  the  Wolffian  body,  in  conse- 
quence of  which  the  hinder  Wolffian  tubules  are  only  indis- 
tinctly visible. 

The  next  change  to  notice  is  caused  by  the  appearance  of 
the  ureter.  It  arises  as  a  growth  forward  from  the  dorsal 
border  of  the  enlarged  end  of  the  Wolffian  duct.  This  has 
been  generally  recognised  since  KupflVrV  account.  The  dila- 
tation of  the  hind  end  of  the  Wolffian  duct  occurs  in  a  very 
slightly  later  embryo  than  that  from  which  fig.  21  w^s  taken. 

The  kiduey  blastema  is  now  found  not  ventrally  close  to 
the  body-cavity,  hut  lies  dorsal  to  its  former  position,  just 
iulernal  to  the  dorsal  ejtiremity  of  the  dilated  Wolffian  duct 
(fig.  20).  From  this  dilatation  there  grows  forward  a  duct, 
the  ureter  (fig.  19), on  the  inner  side  of  which  lies  the  kidney 
blastema. 

The  ureter,  at  this  stage,  has  not  a  very  great  extent,  and 
is  only  seen  for  n  few  more  sections ;  in  ffg.  18,  still  behind 
the  Wolffian  body,  the  ureter  is  not  visible;  but  the  kidney 
blastema  occupies  a  dorsal  position,  as  it  did  in  the  posterior 
section  in  which  the  ureter  was  present  (fig.  I'J). 

In  tracing  it  forward  it  gr-idually  descend.s  and  becomes 
continuous  with  the  hind  end  of  the  WolDlan  body. 

In  yet  older  embryos^  in  which  the  ureter  is  more  developed 
and  overlaps  the  hiud  end  of  the  Wolffian  body,  the  kidney 
blastema  has  quite  broken  off  from  the  Wolffian  body,  and 
invests  the  anterior  end  of  the  ureter,  so  that  in  a  series  of 
transverse  sections  through  a  chick  at  this  age  we  should  sea 
>  *  Arch.  r.  M.  Aut.*'  Bd.  3, 
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nostertorlr,  ia  the  same  Motion  with  the  now  complicated 
Wolffian  body,  n  dorsal  mass  of  cells.  GmdiinlK  irarcllin^ 
backwards  a  duct  would  appear  cut  across  lying  in  the 
mass  of  cells  ;  further  back  stiU  we  should  see  no  Wolflian 
body,  but  merely  n  duct  with  a  mass  of  cells  lying  just 
internal  to  it,  placed  well  dorsal  to  the  Wolffian  duct.  This 
mass  of  cells  is  the  kidney  blastema  j  and  the  duct  is  tho 
ureter. 

Such  would  be  seen  in  a  chick  at  the  end  of  the  6fth  day. 

On  the  sixth  day  the  ureter  grows  in  length,  tho  kidney 
blastema  accompanying  it,  and  euTcloping  ita  anterior 
extremity. 

Tho  ureter  now  dilutes  at  intervale,  and  the  kidney  hlaa- 
tema  esjiecialty  collects  round  these  dilatations.  From  the 
latter,  the  number  of  which  I  have  not  determined,  the 
kidney  tubulfs  grow  out.  In  a  chick  of  the  seventh  day  the 
tubules  urc  just  beginning  to  grow  out  from  these  dilata- 
tions. The  two  posterior  tubules  are,  however,  far  more 
advanced  than  the  anterior. 

The  ureter  is  now  a  small  duct  lying  just  dorsal  to  the 
Wotfiian  body  ;  except  at  its  anterior  extremity,  where  it 
is  rnthcr  more  dorsal,  and  is  completely  surrounded  by  the 
kidney  blastema. 

Almost  immediately  in  front  of  the  hind  end  of  the  ureter 
a  tubule  ia  given  nff,  which  runs  dorsalwards  and  outwards. 
The  kidney  blastema  no  longer  adjoins  the  ureter,  but  is 
disposed  round  the  branches  of  this  tubule.  The  ureter  is 
continued  forwards  through  a  considerable  number  of  soc- 
lioiis,  giving  off  no  tubules,  and  unaccompanied  by  the  kidney 
blastema.  Lt  now  becunies  cuntiuuuub  with  a  tubule,  which 
has  already  been  seen  in  many  tioctions  surrounded  by  kidney 
blastema,  aud  which,  though  not  so  much  branched  as  the 
most  posterior  tubule  above  tnentianed,  is  more  developed 
than  any  tubule  met  with  in  front. 

The  ureter  continues  as  a  small  duct  lying  just  dorsal  to 
tho  ^^''olilian  body. 

In  this  embryo  ("seventh  day),  travelling  forwards,  several 
dilations  could  be  made  out.  The  appearaueo  presented 
by  such  a  dilatation  in  traneverse  section  and  its  position 
with  regard  to  the  Wolffian  body,  may  be  gatherod  from  au 
inspection  of  fig.  ii^. 

The  lateral  walls  of  the  dorsal  part  of  the  dilated  ureter 
are  closely  applied,  the  lumen  being  very  iiidisliucl. 

Around  the  dorsal  part  of  the  dilatation  the  kidney 
blastema  is  present. 

lu  the  next  sectiou;  or  in  the  next  section  but  one,  either 
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backvrartls  or  forwards,  the  rlorsal  dilatation  would  be  no 
longer  rifliblcj  but  occupying  the  position  of  the  dorsal  part 
of  the  (lilatatioii,  would  hv  sgvu  a  tubule  surrounded  by  the 
cells  uf  the  kidney  blastema  (6g.  2S). 

In  the  next  section  to  this  the  walla  of  the  tnbiile  become 
indistincttj-  marked  off  from  the  kiduey  blastema  (fig.  134). 
Some  of  the  lar^e  rolumanrcelUofthokidni^y  tubule  become 
branched,  the  processes  being  continuous  witli  the  processes 
of  the  branched  cells  of  the  kiduey  blastema.     In  fact,  every 

I  stage  of  cell  shape  between  a  columnar  lining  cell  of  the 
lubulc  and  a  branched  cell  of  the  blastema  is  visible. 
The  lumen  of  the  tubule  is  no  longer  distinct,  it  not  being 
fiossible  to  say  what  is  an  intercellular  space  aud  what  the 
lumen  of  the  tubule. 
lu  the  next  section  no  trace  of  a  tubule  is  Tisiblej  its 
place  being  occupied  by  the  cells  of  the  blastema. 

■  Fig.  23  is  taken  from  a  section  next  but  one  to  fig.  22. 
Nine  such  dorsal  dilatations  of  the  ureter,  with  commencing 
tubules,  growing  from  them,  could  be  made  out  in  the  embryo 
under  consideration. 

In  front  of  the  most  anterior  the  tubules  open  directly  into 
the  ureter  which  in  thit>  region  has  become  more  dorsal  with 
regard  to  the  Wolffian  body.  Tubules  in  this  region,  morc- 
orer,  are  given  off  from  the  ventral  side  of  the  ureter,  corre- 
sponding almost  exactly  to  those  given  off  from  the  dorsal  side. 
Four  pnirs  could  be  made  out ;  after  wliich  the  ureter  ended 
cloeely  aurroumled  on  all  sides  by  dense  kidney  blastema. 

The  next  stage,  which  !  have  closely  examined,  was  in  an 
eight-day  chick,  Tlie  kiduey  had  reached  a  great  compli- 
cation of  structure.  Alalpighian  bodies  had,  however,  not 
■  distinctly  appeared.  The  tubules  were  still  surrounded  by 
kidney  blastema  which  Mas  especially  conspicuous  at  their 
growing  ends.  The  appearance  of  the  tatter,  which  was  ex- 
actly similar  in  all  essential  details  to  the  growing  points  of 
the  tubule  hi*t  described,  is  represented  in  fig.  34. 

Before  considering  the  beitrin*^  of  the  above  facts  upon  the 
questions  asked  at  the  outset,  I  will  recapitulate  the  more 
imnorlaiii  points  in  the  development  of  the  Aviaa  kiduey 
and  Wolffian  body. 

1.  The  cells  which  give  rise  to  the  Wolffian  and  kidney 
tubules  do  not  develop  as  invututiuus  of  the  peritoneal  epi- 
thelium, but  from  a  blastema  of  cells  derived  from  the  inter* 
mediate  celt  mass. 

fi.  The  blastema  of  the  kidney  is  at  first  perfectly  con- 
tinuous with  that  of  the  Wolffian  body,  and  cannot  be  dis- 
tioguished  from  it. 


■ 


162 


ADIH    SEDOWICK, 


3.  Wolffian  tubules  do  not  appear  in  anjr  part  of  ihe  blii- 
tema  behind  the  thirtieth  segment.  FriTnary,  lecoodary,  and 
tertiHry,  S:c.,  tubules  are  developed  in  ibat  part  of  it  placed 
in  lUc  thirticih  and  anterior  segments  ns  far  as  the  twent)-- 
first  or  tweutj'-secoud,  and  primary  tubules  in  yel  anterior 
aepnenu. 

4.  The  blastemain  the  thirty-firstto  thirty  •fourth  segments, 
on  the  appe>tranco  of  the  ureter,  moves  dorsahvards  from  iho 
Wolffian  duct,  breaking  away  from  the  hiudermost  Wolffian 
tubules  and  enters  iuto  close  relation  with  the  ureter. 

5.  This  |)drt  of  the  blastema — the  kidney  I'lastema— espe- 
cially collects  round  swellings  on  the  ureter,  from  which 
kidney  tubules  grow  out. 

6.  These  kiilue)'  tubules  burrow  into  the  kidney  blastema, 
their  growing  puinte  being  continuous  with  the  cells  of  the 
blastema. 

Five  years  ago  Balfour  '  and  Semper  -  inde|»cndenily  put 
forward  the  hyputhesis  that  the  kidney  of  the  ."imniola  holds 
the  same  relation  to  the  embryonic  Wolffian  body  as  does  the 
adult  kidney  in  Ktasmobranchs. 

Balfour  wrote  then  :*  "  The  laat  feature  in  the  anatomy  of 
the  Selachians  ^Yhich  requires  notice  is  tlie  division  of  the 
kidney  into  two  portions^  an  anterior  and  posterior.  The 
anatomical  similarity  between  this  arran[»cment  and  that  of 
higher  Vertebrates  (birtlsj  &c.)  is  verv  slrikiiig^.  The  anterior 
one  precisely  corresponds,  anatomically,  to  the  IVulJfian  bodif, 
and  the  posterior  to  the  true  permauent  kidney  of  higher 
Vertebrates;  and  when  we  6nd  that  ia  the  iSelachiaDs  the 
duct  for  the  anterior  serves  also  for  the  semen,  as  does  the 
duct  of  higher  Vertebrates,  this  similarity  seems  ohnost  to 
amount  to  identity." 

The  dev'elopmcnt  of  the  kidney  of  the  bird  has  never 
been  fully  worked  out,  eo  that  this  hypothesis,  arrived  at  from 
a  consideration  of  the  facts  of  comparative  anatomy  and  Irllas- 
mobranch  ctnbryologv,  has  hitherto  not  been  tested  by  the 
facts  of  Avian  embryology.  The  observations  described  above 
were  uudertaken  with  a  view  of  tcsiing  this  hypothesis,  and, 
in  my  opinion,  it  lias  fully  stood  the  test. 

The  development  of  the  kidney  in  the  chick  points  most 
decidedly  to  the  conclusion  that  it  is  merely  the  posterior 
part  of  the  Wolflian  body — or,  perhaps,  it  would  be  better  to 
say,  of  a  primitive  organ,  the  anterior  part  of  which  ia  now 

'  "Urogenital  Organs  wf  Vertebrates,"  'Journal  of  Auatomy  ami 
Phywology,'  vol.  x. 
■  Loc.  cit. 
•  r-  27. 
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seen  as  the  Wolffian  body — the  whole  of  this jirinuiivi!orgati 
in  Elasmobtanch  embryos  bcinB-  termed  Wolffian  body. 

The  most  important  fitct  in  (avour  of  Balfour's  hypothesis 
is  the  primicive  conuouity  in  early  stagi^s  in  the  bird  of  the 
cells  from  which  both  Wolffian  body  and  kidney  arise. 

The  differences  in  later  development  cannot  be  looked 
upon  as  a  serious  difficulty  when  we  remember  the  immense 
differences  which  many  undoubtedly  homologous  organs 
show  in  their  embryonic  development  in  various  animals. 

It  has  been  stated  (sec  above,  p.  148]  by  many  students 
of  Avian  embryologj-  that  the  kidney  lubulca  develop  as 
outgrowths  from  the  ureter,  and  thai  the  cells  of  the  kidney 
blastema  merely  give  rise  to  the  vascular  elements  of  the 
glomerulus.  This  view,  whether  considered  n  priori,  or  with 
reference  to  the  facts  of  development,  cannot  for  a  moment 
be  maintained. 

If  Balfour's  hypothesis  as  to  the  relation  of  the  kid. 
ney  to  thu  Wolffian  body  be  accepted,  and  I  do  not  sec 
how  it  can  be  rejected,  assuming  the  trutii  of  the  facts 
of  development  recorded  in  this  account,  it  would  re- 
quire very  strong  proof  indeed  to  establish  the  fact  that 
tnc  cells  of  the  kidney  blastema  give  rise  merely  to  the 
vascular  elements  of  the  glomerulus,  and  take  no  part  in 
the  formation  of  the  secretory  epithelium  of  the  kidney 
tubules,  such  as.  is  taken  in  the  formation  of  tubules  of  a 
very  similar  organ  by  cells  developed  in  a  precisely  similar 
way.  Such  proof  is  not  forthcoming,  and  would  be  very 
hard  to  give. 

Considering  the  very  late  development  of  the  posterior 
part  of  the  Wolffian  body  (kidney)  in  the  chick  with  refer- 
ence to  that  of  the  anterior  part,  it  surely  cannot  be  a  mutter 
of  surprise  if  the  development  has  been  modified,  the 
walls  uf  the  tubule  arising  from  the  cells  of  the  blastema  ; 
the  lumen,  however,  not  as  in  the  anterior  part,  first  appear- 
ing as  an  independent  cavity,  which  opens  later  into  the 
duct,  but  being  from  the  first  continuous  with  the  lumen  of 
the  ureter. 

Ftirbringer's  su^^stioo,  that  the  Amniote  kidney  is  de* 
mcd  from  dorsal  tubules  of  the  Wolffian  body,  is  based 
mainly  on  the  fact  that  it  lies  dorsal  to  the  WoltS.an  body, 
and  an  observation  of  Braun's  for  Lizards.  Braun  has 
stated  for  these  animals  that  the  kidney  blastema  develops 
from  irregular  ingrowths  of  the  peritoneal  epithelium,  at  a 
period  when  the  secondary  dorsal  tubules  of  the  Wolffian 
body  are  dcvelopiii'^. 

With  regard  to  the  fiisi  point  it  is  to  be  noted  that  the 
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donal  iMMilion  of  the  kiilnp)-  is  clcArly  a  seeondftry  chanj 
appearing  only  late  in  development,  and  dae  obvioutly 
tlic  great  siz«  the  kidney  atuins.  Moreover,  according 
Fitrbriitger's  view,  one  would  expect  to  find  some  kind  ol 
continuity  between  the  developing  kidney  and  dorsul  part 
of  the  Wolffian  body  ;  but  no  trace  of  any  such  connection 
can  ever  be  seen. 

Finally,  in  view  of  the  facts  of  development  here  recorded 
for  the  chick,  and  of  those  about  to  be  mentioned  for  Elas- 
mobranchs,  Braun's  observations  on  the  development  of  the 
kidney  blastema  of  Lizards  from  peritoneal  innowtha  cannot 
be  accepted  without  furilicr  evidence.  The  irregularly 
scattered  cells  lying  between  the  Wolffian  duct  aud  the  peri- 
toneal epithelium,  which  Braun  has  6gurc(l,  are  by  no  meatifl 
proof  of  ingrowth  of  cells  from  the  peritoneal  epithelium. 
i}uch  nn  irregular  arrangement  of  cells  can  be  seen  anywhere 
adjoining  the  bady-cavity  epithelititn. 

Kotliker's  new  that  the  kidney  of  the  Amniota  is  an 
oi^an  mi  gentrUt  which  wa«  not  present  in  any  form  in  the 
excretory  system  of  the  common  ancestor  of  Icthyopsi'la  and 
Amniota,  needs  in  my  opinion  no  refutation ;  for  if  true  it 
can  oaly  be  established  by  proving  all  other  hypotheses  con- 
cerning the  kidney  to  be  untenable. 

Development  of  segmental  tuhes  m  Elaamohratichii.^-\ 
should  hardly  have  been  bold  enough  to  publish  these  obser- 
vations on  the  development  of  the  eliitk's  Wolffian  body, 
opposed  as  they  ate  to  statements  supported  by  great 
authority,  had  I  not  had  the  opportunity  of  examining  the 
early  development  of  the  parts  in  question  in  Elasmohranchs. 

I  wns  thus  enabled  to  con6rm  suspicions  which  I  had 
entertained  since  examining  the  developmentof  the  Wolffian 
body  of  birds,  as  to  the  correctness  of  the  dcBcriptioii  of  the 
ettrhest  stages  in  these  lislies.  It  is  well  known  that  the 
WolfTmn  tubules  of  Elasmobranclni  arc  derived  from  the  seg- 
mentally-arranged  segmental  tubes.  These  latter  were  said 
to  arise  by  an  invagination,  at  first  solid  but  subsequently 
becoming  hollow,  of  the  peritoneal  epithelium  just  internal 
to  the  segmental  duct  into  the  cells  of  the  intermediate  cell 
mass.  The  intermediate  cell  mass  was  said  to  be  produced 
by  the  coming  together  of  the  splanchnic  and  somatic  layers 
of  that  part  of  the  body  cavity,  which  at  an  earlier  period 
existed  connecting  the  general  ventral  body  cavity  with  the 
dorsal  cuntinuatious  of  it  in  the  muscle  plates. 

On  examining  specimens  of  young  Klasmobranch  (Scyt- 
liuin,  Frisiiurus,  Torpedo)  embryos,  1  found  that  the 
passage  counectiug  the  general  body-cavity  with  that  in  the 
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raii»c1e>plales  persisted  later  than  ba<t  been  described. 
lis  coiincctioii  with  the  ventral  dilatation  of  the  muscle- 
plaic  caritf  is  carried  Tcntralwards  as  far  as  the  outer  dor^nl 
corner  of  the  segmental  duct ;  so  that  it  appears  as  a  canal 
opening  into  the  body-cavity  jni^t  iiitcrtml  to  the  sej^enlal 
duct,  and  thence  curling  round  its  dorsal  wall  to  open  into 
the  inuscle-pUte  cavity.  The  ventral  outer  wall  of  this 
pasaase  is  lormcd  of  large  columnar  cells,  the  inner  and 
dorsal  wall  of  much  flatter  cclU  (woodcut,  lig.  2),  as  seen  in 
trausTerse  sections. 


Fio.  2.1 — '&uiT«ne  section  through  *  yoang  einVirro  of  ScytUum.  mjt. 
Htuch-plile.  «/.  Sflsmental  tube.  >t/-  ^gni«iital  Juct.  ci. 
Notocbord.    V-  V.  AUnantary  canal. 

At  the  next  stage  of  development  the  passage  becomeB 
quite  separated  from  the  musclc-platc  cavity,  and  now  lies 
as  a  blind  tube>  opening  into  the  body-cavity  internal  to  the 
segmental  duclj  its  blind  outer  end  being  applied  to  the 
ventral  dilatation  of  the  muaclc-plale  body-cavity  (woodcut, 
fig.  2).  This  blind  tube  is  the  commencement  of  a  segmcoLal 
tube. 

I  hare  traced  it  through  a  series  of  older  embryos  to  the 
fully-formed  segmental  tube.    The  adjoining  woodcut  {fig.  2) 

'  Fig.  2  t«  from  Mr.  Buifour's  forthi-omiof;  treatise  on  ■  Coiiiparfttive 
Embryolagy.'  It  is  copied  from  li  figure  ia  lit»  '  Monograpli  on  tto 
Development  of  Elaanwbrancb  Fisb«a.' 
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repreBcnU  a  aection  from  a  ^cytlium  embryo,  in  which  th 
segmental  lube  has  ju9t  broken  away  from  the  muscle  plate 
in  a  slightly  younger  embryo,  or  perliaptin  posterior  sccliont' 
of  the  same  embryo,  the  cavity    of  the  segmental  lube  (-*f) 
would  communicate  ivith  the  Tenlral  dilntalion  of  the  muscla 
plate  (mp),  at  the  point  where  they  are  in  contact  in  tb 
figure. 

This  mode  of  origin  of  the  segmental  tubes  of  Elnsmo- 
bratichii  renders  the  origin  of  the  same  structures  in  the 
chick  less  extraordinary  than  it  ai  first  sight  seemed. 

I  refrain  now  from  ibe  discussions  nntl  perhaps  hypotheses 
which  thia  observation  on  the  development  of  the  Elas 
mobranch  segmenul  tubes  suggests.  On  one  point,  however 
there  can  be  little  doubt,  viz.  that  setrmental  involutions  oi 
the  peritoneal  epithelium  which  have  been  described  in  the 
Teleostei,  Amphibia,  Ganoids,  Mammals,  will  have  to  be 
given  lip.  Ai  any  rate  the  current  st»tenient  on  this  point 
cannot  be  accepted  without  further  proof. 

I  have  niatle  observations  oti  the  Teleostei  and  Sturgeon 
(Mr.Hiilfourliavingkiud]v]iuL  his  specimens  at  my  disposal) 
which  tend  to  show,  not,  liowcvcr,  with  certainty,  that  in  the 
embryos  of  these  forms  at  any  rate  there  are  no  serial  invo- 
lutions of  the  body-cuviiy  e])i(heliuni  to  form  the  segmental 
lubes.  The  method  of  development  in  these  forms  appears  I 
to  me  to  he  very  much  mudified,  if  we  contiuue  to  regard  the 
development  in  Elasmobranchs  us  primitive.  ^J 

The  Wolffian  body  in  all  those  animals  whose  ova  have  R^| 
relatively  small  food  yolk  seems  to  be  retarded  in  develop- ^^ 
ment ;  while  ilie  head  kidnej',  the  relation  of  which  to  the  | 
rest  of  the  excretory  system  is  not  understood,  attains  aa 
early  development  and  functions  as  the  larval  excretory 
organ.  Very  jiossibly  a  clue  to  the  explanation  of  the  re- 
tardation in  the  development  of  the  Wotfli»n  body  and  of  the 
morphological  meaning  of  the  head  kidney,  in  Telcosteii 
Amphibia,  &c.,  may  be  obtained  by  a  consideration  of  this 
coincidence  and  others  hitherto  apparently  overlooked. 

I  hope  ill  anoilier  paper  to  discuss  lliese  i]iiestio])S  and  some 
others  which  have  been  passed  over  here,  and  to  describe  the 
development  of  the  anleiior  part  of  the  Wolffian  body  in  the 
chick.  ^^ 

In  conclusion,]  wish  to  acknowledge  the  great  obtigationsi^| 
I  am  under  to  Mr.  Balfour.      Not  only  Uuve  1  to  thank  bitn  ^^ 
for  his  kindntss  in  placing  nil  his  preparnlions  and  specimens 
at  my  disposal,  hut,  for  what  hns  been  far  more  valuablo, 
the  help  and  cncouragcmcut  Lc  hns  given  me  through  the 
whole  course  of  this  investigaliou. 


^^11  inn  ^^ 
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Notes  on  the  De\'KLopmbnt  of  the  Arambisa.  By  F.  M, 
BALFora,  M.A.,  F.R.S.,  Fellow  of  Trinity  College, 
Cambridge.     With  FUtes  XIX,  XX,  and  XXI. 

TuE  foUowiog  observBtions  do  not  profefis  to  contain  a 
complete  history  of  the  development  even  of  a  single  species 
of  spicier.  They  aro  the  result  of  investigations  carried  on 
at  intervals  during  rather  more  thsti  two  years^  on  the  ova 
of  A7igelcna  luhyrinthha  ;  and  I  should  not  have  publislied 
them  now,  if  I  had  any  hope  of  being  able  lo  coniidctc  them 
before  the  appearance  of  the  work  1  am  lu  the  course  of 
publishing  on  Comparative  Embryotog)-.  It  appeared  to  me, 
however,  deairable  to  publish  in  full  such  part*  of  my 
observations  as  arc  completed  before  the  appi^arance  of  my 
treatise,  since  the  account  of  the  development  of  the  Aran- 
eina  is  mainly  founded  \ipon  them. 

My  investigations  on  the  germinal  Uyers  and  organs  have 
been  chiefly  conducted  by  means  of  sections.  To  prepare 
the  embryos  for  sections,  I  employed  the  valuable  method 
first  made  known  by  Bobretsky.  1  hardened  the  embryos 
in  bichromate  of  potash,  after  placing  them  for  a  short  time 
in  nearly  boiling  water.  They  were  stained  a«  a  whole 
with  hematoxylin  after  the  removal  of  the  membranes,  and 
embedded  for  cutting  in  coagulated  albumen. 

The  number  of  investigators  who  have  studied  the  de- 
Telopmcnt  of  spiders  is  inconsiderable.  A  list  of  ihem  ii 
given  at  the  end  of  the  paper. 

The  earliest  writer  on  the  subject  is  Ilerold  (No.  4) ;  he 
was  followed  after  a  very  consid^^rable  interval  of  time  by 
Clapar^dc  (No.  S),  whose  memoir  is  illustrated  by  a  scries 
of  beautiful  plates,  and  contains  a  very  satisCictoty  account 
of  the  external  features  of  development. 

Balbiani  (No.  1)  has  gone  with  some  detail  into  the 
history  of  the  early  stages;  and  Ludwig  (No.  5)  has  pub- 
lished some  very  important  observations  on  the  development 
of  the  blastoderm.  Finally,  Barrois  (No.  2)  has  quite  re- 
ceotly  taken  up  the  study  of  the  group,  and  has  added  some 
valuable  observations  on  the  develo])ment  of  the  germinal 
Inyers. 

In  addition  to  these  papers  on  the  true  spiders,  important 
investigations  hnve  been  published  by  MetschnikofT  on 
other  groups  of  the  Arachnida,  noitibly  the  scorpion, 
Metachuikoff's  observations  on  the  formation  of  the  ger- 
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minal  layers  and  organs  accord  la  most  points  with  mf 
own. 

The  development  of  the  Araneina  may  W  divided  into 
four  periods  :  (1)  the  segmentation ;  (2)  the  period  from  t' 
close  of  the  segmentation  up  to  the  period  when  the  segments 
commence  to  be  formed ;  (3)  the  period  from  the  com- 
mencing formation  of  the  SL><>ii)eiit8  to  the  development  of  the 
full  number  of  limbs  j  (4)  tlie  subsequent  stages  up  to  the 
attainment  of  the  adult  form. 

In  my  earliest  stage  the  segmentation  was  already  com- 
pleted, and  the  embryo  was  formed  of  a  single  layer  of  large 
flattened  cells  enreloping  a  central  mass  of  polygonal  yolk- 
segments. 

Each  jolk-segment  is  formed  of  a  number  of  large  clear 
somewhat  oval  yolk-spherules.      In  hardened  fiiwcimcns  the 
yolk- spherules  become  polygonal^  and  tn  ova  treated  with.^^ 
hot  water  prior  to  preservation  are  not  unfrequently  brokev^H 
up.     Amongst  the  yolk-scgmcnts  arc  placed  a  fair  number,  ^^ 
of  nucleated  bodies  of  a  very  characteristic    appearance.       I 
Each  of  them  is  formed  of  (1)  a  large,  often  angular,  nucleus,       ' 
filled  withdcQplyetainingbodicK  (nucleoli  ?).     {H)  Of  a  layer       i 
of  protoplasm  surrounding  the  nucleus,  prolonged   into   s 
protoplasmic    reticulum.      The   exact    relation    of     these 
nucleated  bodies  to  tbo  yolk-segmenui  is  not  very  easy  to 
make  out,  but  the  general  tendency  of  my  observations  is  to 
show  (1)  that  each  nucleated  body  belongs  to  u  yolk-sphere, 
and  (^)  that  it  is  generally  placed  not  at  the  centre,  but  to 
one  side  of   a  yolk-sphere.      If  the   above  conclusions  are 
correct  each  complete  yolk-eegment  is  a  ceil,  and  each  such       [ 
cell  consists    of  a    normal  nucleus,  protoiilasni,  and  yolk- 
sphcrules.  There  is  a  special  layer  of  protoplasm  surrounding 
the  nucleus,  while  the  remaiudtT  of  the  protoplasm  consists 
of  a  reticulum  holding  together  the  yolk-spherules.     Yolk- 
cells  of  this  character  are  seen  in  PI.  XX  and  XXI,  iigs-J 
10—21.  ^ 

The  nuclei  of  the  yolk-cclle  are  probably  derived  by  divi- 
■ion  from  the  nuclei  of  the  segmentation  rosettes  {vide  Lud- 
wig,  No.  6),  and  it  is  probable  that  they  take  their  origin  at 
the  time  when  the  snperficinl  layer  of  protoplasm  separates 
from  the  yolk-colunms  below  to  form  the  bbstoderm. 

The  protoplasm  of  the  yolk-cells  underf-oes  rapid  division, 
as  is  shewn  by  the  fact  that  there  are  often  two  nucleated 
bodie*  close  together,  and  sometimes  two  nuclei  in  a  single 
mass  of  protoplasm  (fig.  10).  It  is  prohnblf  that  in  some 
cases  the  yolk-spheres  divide  at  the  same  time  as  the  proto- 
plasm beloDgiog  to  them;   the  division  of  the  nucleated 
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bodies  is,  however,  iu  the  main  destiood  to  give  rise  to  fresh 
cells  which  enter  the  blastoderm. 

I  have  not  elucidated  to  my  complete  satisfaction  the  next 
stage  or  two  in  the  devt:lo|]iTient  of  the  embryo ;  aud  hare 
not  succeeded  in  completely  reconciling  the  results  of  my 
own  observ&lious  with  those  of  Clapar^de  and  Balbinni.  In 
order  to  show  exactly  where  my  diificullies  lie  it  is  necessary 
brtefiT  to  state  the  results  arrived  at  by  the  above  authors. 

According  to  Clajiareiie  the  firet  differentiation  in  Pholciis 
consists  in  the  accumulation  of  the  cells  over  a  smtill  area  to 
form  a  protuberance,  which  he  calls  the  primitive  camulus. 
Owing  to  its  smaller  specific  gravity  the  part  of  the  ovum 
with  the  cumulus  always  turns  upwards,  like  the  blasto- 
dermic pole  of  a  fowl's  egg. 

After  a  short  time  llie  cumulus  elongates  itself  on  one 
side,  and  becomes  connected  by  a  streak  with  a  white  patch, 
which  appears  on  the  surface  of  the  egg,  about  90°  from  the 
cumulus.  This  patch  gradually  enlarges,  and  soon  covers 
the  whole  surface  of  the  ovum  except  the  region  where  the 
cumulus  is  placed.  It  becomes  the  ventral  plate  or  germinal 
streak  of  the  embryo,  its  extremity  adjoining  the  cumulus 
is  the  anal  extremity,  and  its  opposite  extremity  the  cephalic 
one.  The  cumulus  itself  is  placed  in  a  depression  on  the 
dorsal  ijurface  of  the  ovum.  (Mapar^e  compares  the  cuma- 
laa  to  the  dorsal  organ  of  many  Crustacea. 

Ualbiaui  (^o.  1)  describes  the  primitive  cumulus  in 
Tcgenaria  domeslica,  Epeira  diadcmti,  and  Agelena  labyrin- 
ihica,  as  originating  as  n  protuberance  at  the  centre  of  the 
ventral  surfoce,  surrouuded  by  a  specialised  portion  of  tlx« 
blastoderm  (p.  57),  which  I  will  call  the  ventral  plate.  In 
Dtgenaria  domestiea  he  finds  that  it  encloses  the  so-called 
yolk-nucleus,  p.  6S.  Uy  an  unequal  growth  of  the  ventral 
plalc  the  ])rimitivc  cumulus  comes  to  he)  placed  at  the 
cephalic  pole  of  the  ventral  plate.  The  cumulus  now 
becomes  less  prominent,  and  tn  a  few  cases  disappears.  In 
the  next  stage  the  central  part  of  the  ventral  plate  becomes 
Tcry  prominent  and  forms  the  procephalic  lobe,  close  to  the 
anterior  border  of  which  is  usually  placed  the  primitive 
cumulus  (p.  67).  The  space  between  the  eumulus  and  the 
procephalic  lobe  grows  larger,  so  that  the  latter  gradually 
travels  towards  the  dorsal  surface  and  fiiiiiUy  vanishes. 
Behind  the  procephalic  lobe  the  first  traces  of  the  segments 
make  their  appearance,  as  three  ttaueversu  bauds,  before  a 
distinct  anal  folie  becomes  apparent. 

The  points  which  require  to  be  cleared  up  arc,  (1)  what 
M  the  nature  of  the  primitive  cumulus?  (2)  where  is  it 
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situated  in  relation  to  the  embryo  ?  Before  attemplinf;  to 
answer  thc«e  questioti^i  I  will  shortly  describe  the  dev<>1op- 
mentf  so  far  as  I  have  made  it  out,  for  the  stages  during 
which  the  cumulus  is  visible. 

The  first  chaii^  that  I  find  in  the  embryo  (when  examined 
after  it  hns  been  hardened/  is  the  appearance  of  a  small, 
whitish  spot,  which  is  at  first  very  indistinct.  A  section 
through  such  an  ovum  (PI.  XX,  6^.  10)  ahow!)  that  the  cells 
of  about  one  half  of  the  ovum  have  become  more  columnar 
than  those  of  the  niht-r  half,  and  that  ihen;  is  a  point  (pr.  e.) 
near  one  end  of  the  thickened  half  where  the  cells  are  more 
columnar, and  about  two  layers  or  so  deep.  It  appears  tome 
probable  that  this  point  is  the  whitish  spot  visible  in  the  hard- 
ened ovum.  In  a  somewhat  later  stage  (PI.  XIX,  fig.  1)  the 
whitish  spot  becomes  more  conspicuous  (pc),  and  appears  as 
a  distinct  prominence,  which  is,  without  doubt,  the  primitive 
cumulus,  and  from  it  there  proceeds  on  one  side  a  whitish 
Fircak.  The  pronniience,HS  aoticed  by  ClaparMe  and Balbianif 
is  situated  on  the  flatter  side  of  the  ovum.  Sections  at  this 
stflge  show  the  samo  features  as  the  previous  stage,  except 
that  (1)  the  cells  throughout  are  smaller,  (2)  those  of  the 
thickened  hemisphere  of  the  ovum  more  columnafj  and  (S) 
cumulus  is  formed  of  several  rows  of  cells,  though  not 
divided  into  distinct  layers.  In  the  nest  stage  the  appear- 
ances from  the  surface  are  rather  more  obscure,  nod  in  some 
of  my  best  specimens  a  coagulum,  derived  from  the  fluid 
surrounding  the  ovum,  covers  the  most  important  part  of  the 
blastoderm.  In  PI.  XIX,  fig.  2,  I  have  attempted  to  rcpre* 
sent,  as  truly  as  I  could,  the  appearance*  presented  by  the 
ovum.  There  is  a  well-marked  whitish  side  of  the  ovum, 
near  one  end  of  wliich  is  a  prominence  (/)<:),  which  must, 
no  doubt,  be  identified  with  the  cumulus  of  the  earlier  stages. 
Towards  the  oppoeite  end>  or  perhaps  rather  iienrer  the 
centre  of  the  white  side  of  the  ovum,  is  an  imperfectly 
marked  triangular  white  area.  There  can  be  no  doubt  that 
the  line  connecting  thi^  cumulus  with  the  triangular  area  is 
the  future  long  axis  of  the  embryo,  and  ttic  while  area  is, 
without  doubt,  the  procephalic  lobe  of  Balbiani. 

A  section  of  the  oviuii  at  this  stage  is  represented  in 
PI.  XX,  fig.  11.  It  is  not  quite  certain  in  what  direction 
the  section  is  lakcn,  but  I  think  it  probable  it  is  somewhat 
oblique  to  the  long  axis.     However  this  may  be,  the  section 

'  1  WM  urirortunalety  too  luiich  CDtfaged,  at  llii;  lime  when  Clie  Ogn 
wcrfi  eollectci3,  t«  »tudy  tbciu  in  the  (rush  condition  ;  a  fuct  which  bu 
added  not  a.  little  to  my  dilficulli«s  id  duciJatin^  the  obsQure  points  to 
the  early  stages. 
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shows  that  the  whitish  hcmis|)herc  of  the  hUstoderm  is 
forueil  of  columnar  cvUs,  for  the  most  part  two  or  so 
layers  deep,  but  chat  there  is,  not  very  fur  from  the  middle 
line,  a  wedge-shaped  internal  thiclccnin^  of  the  blastoderm 
where  the  cells  are  several  rows  deep.  With  what  part 
visible  in  surface  view  this  thickened  portion  corresponds  is 
not  clear.  To  my  mind  it  most  probably  corresponds  lo  th« 
larger  white  patch,  tn  which  casu  I  have  not  gut  a  section 
through  the  terminal  piominence.  In  the  other  sections  of 
the  same  embryo  the  wedge-shnpcd  thickening  was  not  so 
marked, hut  it,  neverlheless,extended  through  all  tlie  scctiuna. 
It  appears  to  me  probable  that  it  constitutes  a  longitudinal 
thickened  ridge  of  the  blastoderm.  In  nnj  case,  it  is  clear 
that  the  white  hemisphere  of  the  bhisioderm  is  a  thickened 
portion  of  the  blastoderm,  and  that  the  ihirkeiiing  is  in  part 
due  to  the  cells  being  more  columnar,  and,  in  part,  to  their 
being  more  than  ooe  row  deep,  thottgh  they  Have  not  become 
Jicidetl  into  two  dittinct  germinal  luyert.  It  is  further  clear 
that  the  increase  in  the  number  of  cells  in  the  thickened 
part  of  the  blastoderm  is,  iVi  the  tnaht,  <t  residt  of  the  tnul- 
tipticaiion  of  the  oriytnai  single  row  of  calls,  while  a  careful 
examination  of  my  ficctions  proves  that  it  is  also  partly  due 
to  cells,  dexived  from  the  yolk,  having  been  added  to  the  bias* 
tDderiD. 

In  the  following  stage  which  T  have  obtained  (which 
cannot  be  very  much  older  than  the  prcviousi  stage,  because 
iny  specimens  of  it  comu  from  the  same  batcli  of  eggs),  a 
distiact  and  fairly  circumscribed  thickening  forming  the 
-vential  surface  of  the  embryo  has  become  established.  Though 
its  component  parts  nrc  somewhat  indistinct,  it  appears  to 
consist  of  a  proccplialic  lobe,  a  less  prominent  caudal  lobe, 
and  an  intermediate  portion  divided  into  about  three  i.eg- 
ments;  bat  its  constituents  cannot  be  clearly  identified  with 
the  structures  visible  in  the  previous  stage.  I  am  inclined, 
however,  to  identify  the  auterior  thickened  area  of  the  pre- 
tIoub  stage  with  the  procephalic  lobe,  and  a  slight  protu- 
berance of  the  caudal  portion  (visible  froin  the  surface)  ivith 
the  primitive  cumulus.  I  have,  however,  failed  to  meet 
with  any  trace  of  the  cumulus  in  my  sections. 

To  this  stage,  which  forms  the  first  of  the  second  period 
of  the  larval  history,  I  shall  return,  but  it  is  necessary 
now  to  go  back  to  the  observations  of  Clapardde  and  Bal* 
biani. 

There  can,  in  the  first  place,  ho  hut  little  doubt  that  what 
I  hftve  called  the  primitive  cumulus  in  my  description  is  tho 
atrucUirc  so  named  by  Clnparedo  and  Balbisni, 
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It  is  clear  that  Balbinai  andCUparOde  bare  both  failed  to 
appreciate  the  importance  of  the  organ,  which  my  observa- 
tione  show  to  be  the  part  of  the  ventral  iliirkening  of  the 
blastoderm  where  tvro  rows  of  cells  are  first  eatablished,  and 
therefore  the  point  where  the  first  traces  of  the  future  meso- 
blast  becomes  visible. 

Though  Clapar«^de  and  Balbiani  differ  BomewhaL  aa  to  the 
position  of  the  organ,  the)*  both  make  it  last  longer  than  I 
do:  I  feel  certainly  inclined  to  doubt  whether  Clapar^de  is 
right  in  considering  a  bodv  he  figures  aAer  six  segments  arc 
present,  to  be  the  same  as  the  dorsal  organ  of  the  embryo 
before  the  formation  of  any  segments,  especially  a»  all  the 
stages  between  the  two  appear  to  have  escaped  him.  In 
Agelena  there  is  undoiihtedly  no  organ  in  the  position  he 
gives  when  six  segments  are  found. 

Bulbinni's  observations  accord  fairly  with  my  own  up  to 
the  stage  represented  in  fig.  2.  Beyond  this  stage  ray  own 
observations  are  not  satisfactory,  but  I  must  state  that  I  feel 
doubtful  whether  Balbiani  is  correct  in  his  description  of  the 
gradual  separation  of  the  procephalic  lobe  and  the  cumulus, 
and  the  passage  of  the  latter  to  the  dorsal  surface,  and 
think  it  itosstble  that  he  may  have  made  a  mistake  as  to 
which  side  of  the  procephalic  lobe,  iu  relation  to  the  parts 
of  the  embryo,  the  cumulus  is  placed. 

Although  there  appear  to  be  grounds  for  doubting  whether 
either  Balbiani  and  Clapar^de  are  correct  in  the  position 
they  assign  to  the  cumulus,  my  observations  scarcely  warrant 
me  in  being  very  definite  in  my  statements  on  this  head,  hut, 
as  already  mentioned,  I  am  inclined  to  place  the  organ  near 
the  posterior  end  (and  therefore,  as  will  be  afterwards  shown, 
in  a  somewhat  dorsal  situation)  of  the  ventral  embryonic 
thickening. 

In  my  earliest  stage  of  tho  third  period  there  is  prescnC, 
as  has  already  been  stated,  a  procephalic  lobe,  and  an  indis- 
tinct and  not  very  prominent  caudal  poitiou,  and  about 
three  segments  between  the  two.  The  definition  of  the 
parts  of  the  blastoderm  at  this  stage  is  still  very  imperfect, 
but  from  subsequent  stages  it  appears  to  me  probable  that  the 
first  of  the  three  segments  is  that  of  the  first  pair  of  ambu. 
latory  limbs,  and  that  the  segments  of  the  clielicera*  and  pedi- 
palpi  are  formed  later  than  those  of  the  first  three  ambulo' 
tory  appendages. 

Balbiani  believes  that  the  segment  of  chelicerEs  is  formed 
Inter  than  that  of  the  six  succeeding  segments.  He  further 
concludes,  from  the  fnct  that  this  segment  is  cut  off  from  the 
procephalic  pcrlioii  in.  ixont,  that  it  is  really  part  of  the 
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procephnlic  ]ofae.  I  cannot  accept  the  validity  of  this  argu- 
ment;  though  T  «m  glad  to  find  mv«elf  in,  at  any  rate, 
partial  harmony  with  ihedistinguiehcd  French  f^mbryologi-it 
M  to  the  facts.  Balbiani  denies  for  this  stage  the  exietence 
of  a  caudal  lobe.  There  is  certainlyj  as  i«  very  well  shown 
in  my  Inngitudinat  sections,  a  thickening  of  the  blastoderm  in 
the  caudal  region,  though  it  is  not  so  prontinent  in  surface 
Wew«  as  the  procephalic  lobe, 

A  traneverse  section  through  an  cmhryo  at  this  stage  (PL 
XX,  fig.  12)  shows  that  there  is  a  ventral  plat*  of  somewhat 
columnar  cells  more  than  one  row  deep,  and  a  dorsal  portioa 
of  the  blastoderm  formed  of  a  single  row  of  flattened  cells. 
ETcry  section  at  this  stage  shows  that  the  inner  layer  of 
cells  of  the  ventral  plate  is  receiving  accessions  of  colls  from 
the  yolk,  which  has  not  to  any  appreciable  extent  altered 
its  constitution.  A  large  ceil,  passing  from  the  yolk  to  the 
blastoderm,  is  shown  in  fig.  li  at  ^.  c. 

The  eelis  of  the  veitiral  plttte  are  noto  divided  into  two 
dUtmct  lat/fTS.  The  outer  of  these  is  the  eptblast,  the 
inner  the  mesobiatt.  The  cells  of  both  layers  are  (|uite 
ooatinnous  across  the  median  line,  and  exhibit  no  trace  of  a 
bilateral  arrangement. 

This  stage  is  an  interesting  one  on  account  of  tho  striking 
similarity  which  (apart  from  ihc  amnion)  exists  between  a 
section  through  the  blastoderm  of  a  spider  and  that  of  an 
insect  immediately  tifter  the  formation  of  the  mesoblast. 
The  reader  should  compare  Kowalevfiky's  (*  Mem.  Acad. 
Petersbourg,"  vol- xvi,  1S7I)  fig.  2fi,  PI.  IX  with  my  dg. 
12.  The  existence  of  a  continuous  ventral  plate  of  meso- 
blast has  been  noticed  by  Barroit<  (p.  532),  who  stales  that 
the  two  mesoblastic  bands  originate  from  the  longitudinal 
division  of  a  primitive  single  band. 

In  a  slightly  later  stage  (VL  XIX,  fig.  Za  and  3  J)  six 
distinct  segments  are  interpellated  between  the  procepbalic 
and  the  caudal  lobes.  The  two  foremost,  cA  and  /?« (especially 
the  first),  of  these  are  far  less  distinct  than  the  remainder, 
and  the  first  segment  is  very  indistinctly  separated  ^m 
the  procephalic  tube.  From  the  indistinctness  of  the 
first  two  somites,  I  conclude  that  they  arc  later  formations 
than  the  four  succeeding  ones.  The  caudal  and  procephalic 
lobes  are  very  similar  in  appearance,  but  the  procephalic  lobe 
is  slightly  the  wider  of  the  two.  There  is  a  slight  protuber- 
ance on  the  caudal  lobe,  which  is  possibly  the  remnant  of 
the  oumulos.  The  superficial  appearance  of  segmentation 
is  produced  bv  a  series  of  transverse  valleys,  separating 
raised  intermediate  portions  which  form  th.e  segments.    Tha 
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vf^ntial  thickening  of  the  embryo  now  occupips  raUier  more 
than  half  tht.-  circumference  of  the  ovum. 

Trausverec  sections  thow  that  considerable  chaoges  have 
been  effected  in  the  constitution  of  ttie  blaatudiTtn.  In  the 
previous  «tage,  the  ventral  plate  was  formed  of  an  uniform 
external  layer  of  epiblaet,  and  a  cODtinuous  iotPTual  layer 
of  mesoblast.  The  mesoblast  has  now  become  divided  along 
the  whole  length  of  the  embryo,  except,  perhaps,  tlie  proce- 
phalic  lobtts.  into  two  lateral  bands  which  are  not  continuous 
Hcrofis  the  middtu  line  (PI.  XX,  fig.  13  me).  It  has,  more- 
over, become  a  much  more  definite  layer,  closely  attached 
to  the  epibhut.  Belweuu  each  mesoblaatic  band  and  the 
adjoiniog  yolk  there  are  placed  a.  few  scattered  cells,  which 
in  a  somewhat  later  stage  become  the  splanchnic  mesoblast. 
These  cells  are  derived  from  the  yolk-cells  ;  and  almost 
every  section  contains  examples  of  such  cells  in  the  act  of 
joining  the  meMhUst.. 

The  epiblast  of  the  ventral  plate  has  not,  to  any  great 
extent,  altered  in  constitution.  It  is,  perhaps,  a  shade 
thinner  in  the  median  line  than  it  is  laternlly.  The  division 
of  the  meGoblast  plate  into  two  band*,  together,  perhaps, 
with  the  slight  reduction  of  the  epiblast  in  the  median 
ventral  Une,  gives  rise  at  this  stage  to  an  imperfeclly 
marked  median  groove. 

The  dorsal  epiblast  is  still  formed  of  a  single  layer  of  flat 
cells.  In  the  neighbourhood  of  this  layer  the  yolk  nuclei 
Bic  especially  concentrated.  The  yolk  itself  remains  as 
before. 

The  segments  continue  to  increase  regularly,  each  fresh 
segmenl  being  added  in  the  usual  way  between  the  last 
formed  segment  and  the  unsegmented  caudal  lobe.  At  the 
stage  when  about  nine  or  teu  segments  hare  become  estab. 
liahed,  the  first  rudiments  of  appendages  become  visible. 
At  this  period  (PI.  XIX,  fig.  4)  there  is  a  distinct  median 
ventral  groove,  extending  through  the  %vhole  length  of  the 
embryo,  which  becomes,  hoivever,  conBidenibly  shallower 
behind.  The  procephalic:  rogion  is  distinctly  hilobed.  The 
first  segment  (that  of  the  cbelicerse)  is  better  marked  off 
from  it  than  in  the  jirevious  stage,  but  is  without  a  trace 
of  an  appendage,  and  exhibits  therefore,  m  respect  to  the 
development  of  its  appendages,  the  same  retardation  that 
characlenscd  its  first  appearance.  The  next  five  segments, 
viz.  those  of  the  pedipiilpi  and  four  ambulatory  appendages, 
present  a  very  well-marked  swelling  itt  each  uxlremity. 
These  swellings  are  the  earliest  traces  of  the  appendages. 
Of  ihe  (hrce  succeeding  segments,  only  the  first  is  ivell 
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differentiated.  The  caudal  lobe,  though  less  broad  tliau  the 
procephalic  lobe,  is  still  a  widish  structure.  The  most 
important  interoAl  changes  concern  the  mesoblast,  M-hich  is 
DOW  imperfectly  though  distiuctl)'  divided  into  soinileSf 
oorrespouding  with  segments  risible  externally.  Each  meso- 
blastic  somite  is  formed  of  a  distinct  somatic  layer  closely 
attached  to  the  epiblast,  and  a  thinner  and  less  well-marked 
splanchnic  layer.  In  the  appendage- bearing  segments  the 
somatic  layer  Is  continued  up  into  the  appendages. 

The  epiblast  h  distinctly  thinner  in  the  median  line  than 
at  the  iwo  sides. 

The  next  Btag«  figured  (PI.  XTX,  figs.  5  and  6)  is  an  im> 
poctaut  one»  as  it  is  characterised  by  the  establishment  of 
the  full  number  of  appendages.  Ttic  ^vhole  lcni;th  of  the 
rentral  plate  has  greatly  increased,  so  that  it  embrace* 
nearly  the  circumference  of  the  ovum,  and  there  is  left 
uncovered  but  a  very  smalt  arc  between  the  two  exiremities 
of  the  plate  {PI.  XIX,  fig.  6 ;  PL  XX,  fig.  16).  This  ace 
is  the  future  dorsal  portion  of  the  embryo,  which  lags  in  its 
development  immensely  behind  the  ventral  portion. 

Tl>ere  is  a  very  distinelly  bilobcd  procephalic  region  {pr.  I) 
well  separated  from  the  Eefgiiieut  tvith  the  chelicero;  (cA).  It 
is  marked  by  n  shallow  groove  o]>ening  behind  into  a  citcuUt 
depression  (st.) — the  earliest  rudiment  of  llio  stomodieum. 
The  six  segments  behind  the  procephalic  lobes  ate  the  six 
largest,  and  each  of  them  bears  two  prominent  appendages. 
Tbey  constitute  the  six  appendage-bearing  segments  of  the 
adult.  The  four  future  ambulator)'  appendages  are  equiil  in 
size:  they  are  sligtitly  larger  than  the  pedipalpi,  and  these 
again  than  the  chellcersc.  Dehind  the  six  sonnies  with  pro- 
minent appendages  there  are  fuur  well-marked  somites,  each 
ivith  a  small  protuberance.  These  four  protuberances  are 
provisional  appendages.  They  have  been  found  in  many 
other  <;eneTU  of  .A-iancinu  (Clapardde,  Barroie).  Tlie  segments 
behind  these  arc  rudimentary  and  difficult  to  count,  but 
there  are,  at  any  rate,  five,  and  ul  a  siiglitly  later  stage 
probably  liix,  including  the  anal  lobe.  These  fresh  segments 
have  been  formed  by  the  continued  segmentation  of  the  anal 
lobe,  which  has  greatly  altered  its  shape  in  the  process.  The 
ventral  groove  of  the  earlier  stage  is  still  continued  along 
the  whole  length  of  the  ventral  plaie. 

By  the  close  of  tliiij  stn^e  the  full  number  of  post-cephalic 
segments  has  become  csiablishcd.  They  are  best  seen  in  the 
longitudinal  section  (PI.  XX,  fig.  15).  There  are  six  anterior 
appcndage-beariug  segments,  followed  by  four  with  rudiineu- 
lary   appendages  (not  &een  in  this  figure),  and  six  without 


appendage  behind.  There  ar«,  therrforo,  Bixteen  in  all. 
This  number  acconls  witli  the  result  arrivpit  hi  by  Barrois, 
but  is  highi'r  by  two  than  tbnt  ((iven  by  Clspitrctle. 

The  ftemiinal  layer*  (vide  VI.  XX,  fig.  14)  hare  by  this 
stage  undergone  a  further  development.  The  mesobtftstic 
somites  ar«  more  fully  developed.  The  general  relationa  of 
these  somites  is  shuirn  in  loDgitudinal  section  in  PI.  XX, 
fig.  \5t  and  in  trannrerse  section  in  PI.  XX,  fig.  14.  In  the 
tail,  where  they  arc  simplest  Uhown  on  the  upper  side  in  fig. 
14),  each  mesoblaetic  somite  is  formed  of  a  somaiic  layer  of 
more  or  less  cubical  celU  attached  to  the  cpiblaat,  and  ■ 
aplanchniclayer  of  flattened  cells.  Between  (heiwoifi  placed* 
completely  circumscribed  cavity,  which  constitutes  part  of  the 
embryonic  body  cavity.  Between  the  yolk  and  the  splanchnic 
layer  are  placed  a  few  scattered  cells,  which  form  the  latest 
derivatives  of  the  yolk-cells,  and  ore  to  be  reckoned  as  part  of 
the  splanctinic  rocsoblnst.  The  mesoblastic  somites  do  not 
extend  outwards  beyond  the  edge  of  the  ventml  plate,  and 
the  corresponding  mesoblastic  somites  of  the  two  sides  do 
not  nearly  meet  in  the  middle  line.  In  the  limb-bearing 
somites  the  mesuhlniit  has  the  same  general  characters  as  ia 
the  posterior  somites,  but  the  somaiic  layer  is  prolonged  as 
a  hollow  papiLlifornt  process  into  the  limb,  so  that  each  limb 
has  an  axial  cavity  continuous  with  the  section  of  the  body 
cavity  of  its  somite.  The  description  given  by  Metschnikoff 
of  the  formation  of  the  mesoblastic  somites  in  the  scorpion, 
and  their  continuation  into  the  limbs,  closely  corresponds 
with  the  history  of  these  parts  in  spiders.  In  the  rerjion  of 
each  procephalir  lobe  the  mesoblast  is  present  a.4  a  continuous 
layer  undernenth  the  epiblast,  but  in  the  earlier  part  of  the 
stage,  at  any  rate,  is  not  formed  of  two  distinct  layers  with 
a  cavity  between  them. 

The  epiblast  at  this  stage  has  also  undergone  important 
changes.  .Mong  the  median  ventral  groove  it  has  become 
very  thii».  On  each  side  of  this  groove  it  exhibits  in  each 
appendage-bearitig  somite  a  well-marked  thicliening,  which 
gives  in  surface  views  the  appearance  of  a  slightly  raised 
area  (PI.  XIX,  fig.  S),  between  each  appendage  and  the 
median  line.  These  thickenings  are  the  first  rudiments  of 
the  ventral  nerve  ganglia.  The  ventml  nerve  cord  at  this 
stage  is  formed  of  two  ridge.likc  thickenings  of  the  epiblast, 
widely  separated  in  the  median  line,  each  of  which  is  con- 
stituted of  a  scries  of  raised  divisions — the  ganglia  ^united  by 
shorter,  less  prominent  divisions  (fig.  14,  ry).  The  nerve 
cords  are  formed  from  before  backwards,  and  are  not  nt  this 
Stage  found  in  the  hinder  segments.     There  it  a   liittinct 
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ganglionic  thickening  for  the  chdieertt  quite  independent  of 
the  proeepkalio  lobee. 

In  the  procephalic  lobes  the  epiblast  is  much  thickened 
antt  ie  formctl  of  scvcrRi  rows  of  cfills.     The  greater  part  o. 

I  it  is  dMtincd  to  dive  rise  to  the  siipra-resophageal  ganHlia, 
During  iho  various  changes  which  liavo  been  described  the 
blastoderm  cells  have  been  continuiilly  dividing;,  anilj  loj^other 
with  their  nuclei,  have  become  considerably  smnller  than  at 
first.  The  yolk  cells  have  in  the  meantime  remained  much 
as  before,  and  are,  therefore,  considerably  larger  than  the 
nuclei  of  the  blastoderm  cells.  Thejr  are  more  numerous 
than  in  the  earlier  Gtages,  but  are  still  surrounded  by  a 
protopUsuiic  body,  which  is  continued  into  h  protoplasmic 
reticulum.  The  yolk  is  still  divided  up  into  polygonal  Rcg- 
raeuts,  but  from  sections  it  would  appear  that  the  nuclei  are 
more  numerous  than  the  segments,  though  I  have  failed  to 

■  ftrrive  at  ([uite  definite  conclusions  on  this  point. 
As  development  proceeds  the  appendages  grow  longer  and 
gradually  beud  inwards.  They  become  very  soon  divided  by 
a  series  of  ring-like  constrictions  which  constitute  the  first 
indications  of  the  future  joints  (PI.  XIX,  fig.  fi).  The  full 
number  of  joints  are  not  at  once  reached,  but  in  the  ambu- 
latory ap|>enda{(es  five  only  appear  at  first  to  be  formed. 
There  are  four  joints  in  the  pedipalpi,  while  the  chelicerse  do 
not  exhibit  any  ei^is  of  becomiii'^  juinccd  till  somewhat  later. 
The  primitive  presence  of  only  five  joints  in  the  ambulntorjr 
appenda<;es  is  iuteresting,  as  this  number  is  permanent  in 
Insects  and  in  Peripatiia. 

The  next  stage  figured  forms  the  last  of  the  third 
period  (PI.  XIX,  fig.  7  aud  7  a).  The  ventral  plate 
18  Still  rolled  round  the  egg  (fig.  7),  and  the  end  of  the  tail 
and  the  procephalic  lobes  nearly  meet  dorsally,  so  that  there 
is  but  a  very  sUght  development  of  the  dotsal  region.  There 
are  the  same  number  of  segments  as  before,  and  the  chief 
differences  in  appearance  between  the  present  and  the 
previous  stage  depend  upon  the  fact  (1)  that  the  median 
ventral  integument  betn'een  the  nerve  ganglia  has  become 
wider,  and  at  the  same  time  thinner ;  (2)  that  the  limbs  have 
become  much  more  developed ;  (3)  that  the  stomodieum  is 
definitely  o^tabUi^hed  ;  (4)  that  the  procephalic  lobes  have 
undergone  considerable  development. 

Uf  these  features,  the  three  last  require  a  fuller  descrip- 
tion. The  limbs  of  the  two  sides  are  directed  towards  onch 
other,  and  nearly  meet  in  the  ventral  line.  The  chelicene 
are  two>juinled,  and  terminate  in  what  appear  Uke  rudi- 
mentarj    chclte,  a    fact  which  perhaps  tnutcates    that  the 
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spiders  are  tlcscendcd  from  ancestor*  with  chelate  cliclicerw. 
The  four  embryonic  post-ambulatory  appendages  are  now  aC 
the  height  of  their  development. 

Thcsiomodieum(i'l.XIX,  fig.  7,nrid  PI.  XX.fig.  17,  «<j 
is  a  dccpish  pit  between  the  two  procephalic  lobes,  and  dis- 
tinctly in  front  of  segment  of  the  chelicerK.  It  is  bordered 
in  front  by  a  large,  well-markcdj  hilobed  upper  lip^  and  bc- 
hiud  by  a  smaller  lower  lip.  The  large  upjiet  lip  is  a  tem- 
porary structure,  to  be  compared,  perhapx,  vrith  the  gigantic 
upper  lip  of  the  embryo  of  Chelift-r  (cf.  Meiechinkoff).  On 
each  side  of  and  behind  the  month  two  whitish  masses  are 
visible,  which  are  the  epiblastic  thickenings  which  constitute 
the  ffauglia  of  the  chelicers  (PI.  XIX,  fig.  7,  eh.  ff). 

The  procephalic  lobes  {pr.  I)  now  form  two  distinct 
nwMea,  and  each  of  them  is  marked  by  a  semicircular  groove^ 
dividing  them  into  a  narrower  anterior  and  a  broader 
posterior  division. 

In  the  region  of  the  trunk  the  general  arrangement  of  the 
germinal  layers  has  not  altered  to  any  great  extent.  The 
ventral  ganglionic  thickenings  arc  now  developed  in  all  the 
segments  in  the  abdominal  as  well  us  in  tlie  thoracic  region. 
The  individual  ihickcuiiigH  themselves,  though  much  more 
conspicuous  than  in  the  previous  stage f PI.  XX, fig,  \G,t,c), 
ore  still  integral  parts  of  the  epiblaet.  They  are  more  widely 
separated  thau  before  in  the  middle  line.  The  mesoblastic 
somites  retain  their  earlier  constitution  (PI.  XX,  fig,  16). 
IJcneath  the  procephalic  lobes  the  inesoblast  has,  in  most 
respects,  a  constitution  simiiar  to  that  of  a  mesoblastic  somite 
in  the  trunk.  It  is  formed  of  two  bodies,  one  on  each  side, 
each  composed  of  «  splanchnic  and  somatic  layer  (PI.  XX, 
fig.  17,  $p.  and  so),  enclosing  between  them  a  .section  of  the 
body-cavity.  But  the  cephalic  somites,  unlike  those  of  the 
trunk,  are  united  by  a  median  bridge  of  mesublast,  in  which 
no  division  into  two  layers  can  be  detected.  This  bridge 
assists  in  forming  a  thick  investment  of  mesoblast  round  the 
tituniuila;um  [ai). 

The  existence  of  a  section  of  the  body  cavity  in  the 
prseoral  region  is  a  fact  of  some  interest,  especially  when 
taken  in  connection  with  the  discovery,  by  Kletnenberg,  of  a 
similar  structure  in  the  head  of  Lumbricus.  The  procephalic 
lobe  represents  the  prffioral  lobe  of  Chfctopod  Inrvic,  hut  the 
prolongation  of  the  body  cavity  into  it  docs  not^  in  my  opinion, 
necessarily  imjily  that  it  is  equivalent  to  a  post-oral  si-gmeut. 
The  epiblasc  of  thu  [truce plialic  lobes  is  a  thick  layer 
several  cells  deep,  but  without  any  trace  of  a  si^paration  of 
the  ganglionic  portion  from  ihf  epidermis. 
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The  uuclei  of  the  yolk  have  iocreased  in  number,  but  tho 
Tolk,  ill  otlier  respects,  retains  its  earlier  characters. 

The  next  period  in  the  development  is  that  in  which  the 
body  of  the  embryo  gradually  acquires  the  adult  form.  Tha 
most  important  event  whicli  takes  place  during  this  period 
is  the  development  of  the  dorsal  region  of  the  embryo,  which, 
up  to  its  commencement,  is  practically  non-existent.  Aa  a 
consequence  of  the  development  of  the  dorsal  region,  the 
embryo,  which  has  hitherto  had  what  may  be  called  a  dorsal 
ficxure,  [gradually  unrolle  itself,  and  acquires  a  ventral 
flexure.  This  change  in  the  flexure  <if  the  embryo  is  in 
appearance  a  rather  complicated  phenomenon,  and  has  been 
somewhat  dtfTereutly  described  by  the  two  naturalists  who 
haTe  studied  it  in  recent  times. 

■  For  Clapar«*de  the  prime  cause  of  the  change  of  flexure 
is  the  translation  dorsalwards  of  tlie  limbs.  He  compares 
the  dorsal  region  of  the  embryo  to  the  arc  of  a  ciTcte.  the 

■  two  ends  of  which  are  united  by  n  cord  formed  by  the  line 
of  insertion  of  the  limbs.  He  poiuls  out  that  if  yoti  bring 
the  middle  of  the  cord,  so  stretched  between  the  two  ends  of 
the  arc,  nearer  to  the  summit  of  the  arc,  you  necessarily 
cause  the  two  ends  of  the  arch  to  approach  each  other,  or,  in 
other  words,  if  the  insertion  of  the  limbs  is  drawn  up  dor- 
tally,  the  head  and  tail  must  approach  each  other 
■  ventrally. 
Barrots  takes  quite  a  different  view  to  that  of  ClaparAde, 
which  will  perhaps  be  best  understood  if  I  quote  a  Irausla- 
tiou  of  his  own  words.     He  says;  "At  the  period  of  the 

I  last  stage  of  the  embryonic  band  (the  stage  represented  in 
PI.  XX,  fig.  7,  in  the  present  paper)  this  latter  completely 
encircles  the  egg,  and  its  posterior  extremity  nearly  ap- 
proaches the  cephalic  region.  Finally,  the  germinal  bands, 
where  they  unite  at  the  anal  lobe  {placed  above  on  the 
dorsal  surface),  form  between  them  a  very  acute  angle. 
During  the  following  stages  one  observes  the  aiial  segment 
separate  further  and  further  from  the  cephalic  region,  and 
approach  nearer  and  nearer  to  the  ventral  region.  This  dis- 
placement of  the  ana)  segment  determines,  in  its  turn,  a 
modification  in  the  divergence  of  the  anal  bauds ;  the  auglo 
which  they  form  ut  their  junction  tends  to  become  more 
obtuse.  The  same  processes  continue  rcguLirly  till  the  anal 
segment  comes  to  occupy  the  opposite  extremity  to  the 
cephalic  region,  a  period  at  which  the  two  germinal  bands 
arc  placed  in  the  same  plane  and  the  two  sides  of  the  obtuse 
angle  end  by  meeting  in  a  straight  line.  If  we  suppose  a 
coutinuatioD  of  the  same  phenomenon  it  ia  clear  that  the 
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The  nticlei  of  the  yolk  hare  increased  in  number,  but  the 
jolk,  in  other  reipects,  retains  its  earlier  characiert. 

The  next  period  in  the  devolopmcut  is  that  in  which  the 
body  of  the  embryo  gradually  acquires  the  adult  form.  The 
moat  important  event  which  takes  place  during  this  period 
is  the  derclopment  of  the  dorsal  region  of  the  embryo,  which, 
up  to  its  commencement,  is  practically  non-existent.  As  a 
consequence  of  the  development  of  the  dorsal  region,  the 
embryo,  which  has  hitherto  bad  what  may  be  called  a  dorsal 
flexure,  gradually  unrolls  itself,  and  acquires  a  ventral 
flexure.  This  change  in  the  flexure  of  the  embryo  is  in 
appearance  a  rather  complicated  phenomenon,  and  has  been 
ftomewhat  differently  described  hy  the  two  naturalists  who 
bate  studied  it  in  recent  limes. 

For  Clapart-de  the  prime  cause  of  the  change  of  flexure 
is  the  translation  dorsahvarda  of  the  limbs.  He  compares 
the  dorsal  region  of  the  embryo  to  the  arc  of  n  circle,  the 
(wo  ends  of  Hbich  are  united  by  a  cord  formed  by  the  line 
of  insertion  of  the  limbs.  He  points  out  that  if  you  bring 
the  middle  of  the  cord,  so  siretcned  between  the  two  ends  of 
the  arc,  nearer  to  the  summit  of  the  arc,  you  necessarily 
cause  the  two  ends  of  the  arch  to  npproncli  each  other,  or,  in 
other  words,  if  the  insertion  of  the  limbs  is  drawn  up  dor- 
aaljy,  the  bead  and  tail  must  approach  each  other 
rentrally. 

Banoif  takes  quite  a  different  view  to  that  of  Clapardde, 
which  wiM  perhaps  be  best  understood  if  I  quote  a  transla- 
tion of  his  own   words.     He  Bays:  "At  the  period  of  the 
lail  stage  of  the  embryonic  band  (the  stage  represented  in 
PI.  XX,  fig.    7,    ia    the  present  paper)  this  latter  completely 
encireies  the  e$g,    ^nd  its  ]>o8tenor    extremity  nearly  ap- 
proaches the  cephnlic  region.     Finally,  the  germinal  handa, 
vhtre  tbev    unite    at   the  anal  lobe  (placed    above  on  the 
iojnl  surface.'),    furm     between    them    a    very   actiie  angle. 
Dming  the  following  stages  one  observes  the  anal  segment 
sejnrate  further  and  further  from  the  cephalic  rcgiou,  and 
approach  nearer  and  nearer  lo  the  ventral  region.     Thisdis- 
pUmneot  of  the    anal   aegment  determines,  in  its  turn,  » 
BBdification  in  the   divergence  of  the  anal  bands  ;  the  angle 
«lwh  they  form    at    their  junction   tends  to  become  mor« 
obtMe     The  same  processea  continue  regularly  till  the  ana* 
Kgae^t  eome*    to     occupy   the  opposite  extremity    to  tW 
c^  region,  a    period  at  which  the  two  gernnnal  b.«^ 
ar?plac*d  h.  the  same  plane  -'.^^-l'^. '^°  «\<1";;^^^"": 
MglVwdby  meeting   m   a  stratght  l.nc      }j  'I'l^'^^^t 
coolinniUon  of  the    same  phenomenon  «  is  clear  tha^ 


anal  wgrnent  will  come  to  occupy  a  position  on  the  v«DtrAl 
surface,  aud  t1ic  germinal  bands  to  approach,  but  in  the 
ioTerse  waj^  so  as  to  form  an  an^le  opposite  to  that  wttich 
they  formed  at  fir'^t.  This  condition  ends  the  process  by 
which  the  posterior  extremity  of  the  embryonic  band,  at  first 
dir«tcd  towards  the  dorsal  side,  comes  to  bend  in  towards 
the  ventral  region." 

Neither  of  the  above  explanations  ia  to  my  mind  perfectly 
Mtisfactory.  The  whole  phenomenon  appenrs  to  me  to  be 
very  simple,  and  to  be  caused  by  the  elongation  of  the 
dorsal  region,  i*.  e.  the  region  on  the  dorsnl  surface  between 
the  anal  and  procephalic  tohen.  Such  an  elongation  necea- 
sarily  scparate-<«  the  anni  and  procephalic  lobes ;  but,  since 
the  ventral  plnte  does  nut  Wcome  shortened  in  the  process, 
and  the  embryo  cannot  Btraif;hten  itself  on  account  of  (Ke 
cgff-shell,  it  necessarily  becomes  flexed,  and  such  flexure  can 
only  be  what  I  have  already  called  u  ventral  flexure.  If  there 
were  but  Httle  food  yolk  this  flexure  would  cause  the  whole 
embrvo  to  be  bent  in,  so  as  to  hnve  ihc  ventral  surfitce  con- 
cave^^ut  instead  of  this  the  flexure  is  coiiKncd  at  flrst  to  the 
two  bands  which  form  the  ventral  plate.  These  bamls  are 
bent  in  the  natural  way  (PI.  XIX.  fig.  S,  k)*  but  the  yolk 
forms  a  projcction,a  kind  of  yolk  sack  asBnrrois  calls  it,  dis-' 
tending  the  thin  integument  between  the  two  ventral  bnndsJ 
This  yolk  sack  i*  shown  in  surface  view  in  I'l.  XIX,  fig.  ffJ 
and  in  section  in  PI.  XXI,  fig.  18.  At  a  later  period,  when 
the  yolk  has  become  largely  absorbed  in  the  formation  of 
various  organs,  the  true  nature  of  the  ventral  flexure 
becomes  apparent,  and  the  abdomen  of  the  young  Spider  ia 
found  to  be  bent  over  so  as  to  press  against  the  ventriilj 
surface  of  the  thorax  (PL  XIX,  fig.  9).  This  flexure 
shown  in  section  in  PI.  XXI,  fig.  SI. 

At  the  earliest  stage  of  this  period  of  which  I  have  ex- 
amples, the  dorsal  region  has  eumewhal  increased,  thought 
not  very  much.  The  limbs  have  grown  very  considerably  and 
note  Cf04$  in  the  middle  line. 

The  ventral  ganglia,  though  not  the  supra-cesophageal, 
have  become  separated  from  the  epiblast. 

The  yolk  nuclei,  each  surrounded  by  protoplasm  u8hefore,l 
arc  much  more  numerous. 

In  other  reepects  there  are  no  great  changes  in  the  internal 
features. 

In  my  next  stage,  represented  in  PI.  XIX,  fiffs.  8  a,  and 
8  i,  a  very  considerable  advance  lias  become  effected.  In 
the  first  place  the  dorsal  surface  has  increased  in  length  to 
rather  more  than  one  half  the  drcumference  of  the  ovum. 
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The  dorsal  rcjtion  has,  however,  not  only  increased  in  length, 
but  also  iu  defiuitenesd,  and  a  series  of  transverse  markings 
(fig.  8  a  and  l>),  whlcti  are  very  conspicuons  in  the  case  of 
the  fonr  anterior  abdominal  scgment.i  (the  segments  with 
ludimeiilar]'  appendages),  have  oppeared,  indicating  the 
limits  of  scgmcnls  dorsally.  The  terga  of  the  somit^^s  may, 
in  fact,  he  said  to  have  become  formed.  The  posterior  terga 
(6g.  6  «)  are  very  narrow  compared  tu  the  anterior. 

The  caudal  protuberance  is  more  prominent  than  it  was, 
and  somewhat  bilobed  ;  it  is  continued  on  each  side  into 
one  of  the  bands,  into  irbich  the  ventral  plate  is  dt\-ided. 
These  bands,  as  is  best  seen  in  side  view  (fig.  8  b), 
have  a  ventral  curvature,  or,  perhaps  mote  correctly,  ore 
formed  of  two  parts  which  meet  at  a  large  angle  open  to- 
wards the  ventral  surface.  The  posterior  of  these  parts  bears 
the  four  still  verj-  couspicuous  provisional  Rppendages,  and 
ibc  aut«ioc  the  six  pairs  of  thoracic  appendages,  f  he  four 
ambulatory  appendai;cs  arc  now  seven-joinrcd,  as  in  the 
adult,  but  though  longer  than  in  thu  previous  stage  they 
do  not  any  longer  cross  or  even  meet  in  the  middle  line,  but 
■re,  on  the  contrary,  separated  by  a  very  considerable  in- 
terval. This  is  due  to  the  great  distension  by  the  yolk  of 
the  ventral  part  of  the  body,  in  the  interval  between  the 
two  parts  of  the  original  ventral  plate.  The  amount  of  this 
yolk  may  be  gathered  from  the  section  (PI.  XXI,  fig.  18). 
The  podipalpi  carry  a  blade  on  their  basiil  joint.  Tlic  che< 
licera!  no  longer  appear  to  spring  from  an  independent  post- 
oral  segment. 

There  is  a  conspicuous  lower  lip,  but  the  upper  is  less 
prominent  than  before.  Sections  at  this  stage  thow  that 
the  internal  changes  have  been  nearly  as  considerable  as  the 
external. 

The  dorsal  region  is  noxv  formed  of  a  (1)  flattened  layer  of 
epibla^t  cellsj  and  a  (3)  fairly  thick  layer  of  large  and  rather 
characteristic  cells  which  any  one  who  haa  studied  sections 
of  spider's  embryos  will  recognise  as  derivatives  of  the  yolk. 
These  cells  are  not,  thereforej  derived  from  prolungations 
of  the  somatic  and  splanchnic  Inyrrs  of  the  already  formed 
somites,  but  are  new  formations  derived  from  tlie  yolk.  They 
commenced  to  be  form«d  ut  a  mucli  eiirlier  period,  and  some 
of  them  are  shown  in  the  long  section  (PL  XX,  fig.  15). 
Id  the  next  stage  these  cells  become  differentiated  into  the 
iBtic  and  splanchnic  mesubla^t  layers  of  the  dorsal  region 
of  the  embryo. 

In  the  dorsal  region  of  the  abdomen  the  heart  has  already 
become  established.     So  far  as  I  have  been  able  to  make 
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nut  it  IB  formed  from  a  solid  rord  of  the  cclU  of  Lhe  doml 
region-  TTic  peripheral  layer  of  this  cord  gives  rise  to  the 
walls  of  the  heart,  while  the  central  cells  become  converted 
into  the  corpuscles  of  the  hlood. 

The  rudiment  of  the  heart  is  in  contact  vilh  the  epibtut 
above,  and  there  is  no  greater  evidence  of  its  being  derived 
from  the  splanchnic  thiin  from  the  somatic  mesoblast ;  it  is, 
in  fact,  formed  before  the  dorsal  mesohlast  has  become  dif- 
ferentiated into  two  layers. 

1^1  the  abdomen  three  or  four  traMverse  septa,  derived 
from  the  splanchnic  mesoblant,  grow  a  short  vay  into  the 
yolk.  They  become  more  conspicuous  during  the  succeed- 
ing stage,  and  are  Kpoken  of  in  detail  in  the  description  of 
that  9tago.  In  the  anterior  part  of  the  thorax  h  longitu- 
dinal and  vertical  septum  if^  formed,  which  grows  downwards 
from  the  median  dorsal  line,  and  divides  the  yolk  in  this 
region  into  two  parts.  In  this  septum  there  is  formed  at  a 
later  stage  a  vertical  muscle  attached  to  the  suctorial  part 
of  the  aiomodffium. 

The  mcsoblaxtic  snmitca  of  the  earlier  stage  are  but  Hitl* 
modiBed  ;  and  there  are  still  prolongations  of  the  body 
cavity  into  the  Hmbs  [PI.  XXI,  fig.  18). 

The  lateral  parts  of  the  ventral  nerve  cords  are  now  at 
their  maximum  of  separation  (PL  XXI,  fig.  18,  p.  ff). 
Considerable  difTcrentiaiion  has  already  set  in  in  the  con- 
stitution of  the  ganglia  themselves,  which  are  composed  of 
an  outer  mass  of  ganglion  colls  enclosing  a  kernel  of  nerve 
fibres,  which  lie  on  the  inner  side  and  connect  the  successive 
ganglia.  There  arc  still  distinct  thoracic  and  abdominal 
ganglia  for  each  segment,  and  there  is  also  a  pair  of  separate 
ganglion  for  iho  cheliconr,  which  assists,  however,  in  forming 
the  ocsophngeal  commissures. 

The  thickenings  of  tlie  prtcoral  lobe  which  form  thesupra- 
(Esophagenl  ganglia  nre  nrarly  though  notfjuitc  separated  from 
the  epiblnst.  The  semicircular  grooves  of  the  earlier  stages 
are  now  deeper  than  before,  and  are  well  fliown  in  sections 
nearly  parallel  to  the  outer  ancerioi  surface  of  the  ganglion 
(PI.  XXI,  fig.  19).  Thesupra-ocsophagewl  ganglia  are  still 
entirely  formed  of  un  differentia  led  cclU,  and  are  without 
commissural  tissue  like  that  present  in  the  ventral  giiuglia. 

The  stomodieiim  has  considerably  increased  in  length,  and 
the  proctodamni  has  become  formed  as  &  short,  poeteriorlv  ' 
directed  involution  of  the  epiblast.     1   have  seen  traces  of 
what  1  believe  to  be   two  outgrowths  from  it,  which  form 
Lhe  MalpigUian  bodies. 

The  next  stage  constitutes  (PI.  XIX,  fig.  9}  the  last  which 
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requires  to  be  dealt  with  so  far  ns  the  external  ft^alures  are 
concerned.  The  yolk  has  now  mainly  passed  into  the 
abdomen,  and  the  constriction  Kepursttng  the  thorax  and 
abdomen  lias  began  to  appe^ir.  The  yoik  sack  has  become  ab- 
sorbed,so  that  the  two  halves  of  the  ventral  plate  in  the  thorax 
are  no  longer  widely  divaricated.  The  limhs  have  to  a  large 
extent  acquired  their  permanent  structure,  and  the  rings  of 
which  they  are  formed  in  the  earlier  stages  are  now  replaced 
by  definite  joints.  A  delicate  cuticle  has  become  formed, 
which  is  not  figured  in  my  sections.  The  four  rudimen- 
tary appendages  have  disappeared,  unless,  which  to  seeme  me 
in  the  highvst  degree  improbable,  they  remain  ns  the  spin- 
ning mammille,  two  pairs  of  which  are  now  present.  Be- 
hind is  the  anal  lobe,  which  is  much  smaller  and  leas  con- 
spicuous than  in  the  previous  stage.  The  spinnerets  and 
anal  lobe  are  shown  as  fire  papill©  in  PI.  XIX,  fig.  9.  Dor- 
sally  the  heart  is  now  very  conspicnous,  and  in  front  of  the 
cfaelicerec  may  be  seen  the  supra-cesophageal  ganglia. 

The  indifferent  mesoblast  has  now  to  a  great  extent 
become  converted  into  the  permanent  tissues.  On  the  dorsal 
surface  there  was  present  in  the  last  stage  a  great  mass  of 
unformed  mesoblast  cells.  This  mass  of  cells  has  now 
beoome  divided  into  a  somatic  and  splanchnic  layer  (PI.  XXI, 
fig.  SS).  It  has,  moreover,  in  the  abdominal  region  at  any 
rate,  become  divided  up  into  somites.  At  the  junction  be- 
tween the  successive  somites  the  splanchnic  mesoblast  on 
each  side  of  the  abdomen  dips  down  into  the  yolk  and  forms 
a  septum  (PI.  XXI,  fig.  ^  $).  The  scpia  so  foimedj  which 
were  first  described  by  Barrois,  are  not  complete.  The  septa 
of  the  two  sides  do  not,  in  the  first  place,  quite  meet  along 
the  median  dorsal  or  ventral  lines,  and  in  the  second  place 
they  only  penetrate  the  yolk  for  a  certain  distance.  In- 
ternally ihey  usually  end  in  a  thickened  border. 

Along  the  line  of  insertion  of  each  of  these  septa  there  is 
developed  a  considerable  space  between  the  somatic  and 
splanchnic  layers  of  mesoblast.  The  parts  of  the  body 
cavity  so  established  arc  trausversely  directed  channels  pass- 
ing from  the  heart  outwards.  They  probably  constitute  the 
venous  spaces,  and  perhaps  also  contain  the  transverse  aortic 
branches. 

In  the  intervals  between  these  venous  spaces  the  somatic 
and  splanchnic  layers  of  mesoblast  are  in  contact  with  each 
other. 

I  have  not  been  able  to  work  out  satisfactorily  the  later 
stage*  of  development  of  the  septa,  but  I  have  found  that 
tbey  play  an  important  part  in  the  subsequent  development 
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of  the  abdomen.  In  the  Rrst  |ilace  iiiey  senil  off  lateral  off- 
•hoote,  which  unite  the  various  septa  together,  and  divide 
up  the  cavity  of  the  abdomen  into  a  number  of  partially 
separated  compartments.  There  appi-ars*  boirerer,  to  be 
letl  a  free  axial  space  for  the  alimentary  tract,  the  meso- 
blastic  walls  of  which  are,  I  believe,  furnieJ  from  the  septa. 

At  the  present  stage  the  splanchnic  mesoblast,  apart  from 
the  septa,  is  a  delicate  membrane  of  flattened  cells  (fig.  SS, 
«p).      The   somatic  lUMoblast  is  thicker,  and  is  formed  o^^ 
scattered  cells  (so).  i^| 

The  somatic  layer  is  in  part  converted,  in  the  posterior 
region  of  the  abdomen,  into  a  deliciue  layer  uf  longitudinal 
muscles,  the  fibres  of  which  are  not  continuous  for  the  whole 
length  of  the  body,  but  are  interrupted  at  the  lines  of  junc- 
tion of  the  successive  segments.  They  are  not  present  in  the 
anterior  part  of  the  abdomen.  The  longitudinal  direction  of 
these  Bhres,  and  their  division  ivith  myotomes^  is  interesting, 
since  both  these  characters,  which  are  preserved  in  Scorpion*, 
are  lost  In  ihc-  alKlutneu  of  the  adult  Spider. 

The  original  mcsoblastic  somites  have  undergone  quite  as 
important  changes  as  the  dorsal  uiesoblast.  In  the  abdominal 
region  the  somatic  layer  constitutes  two  powerful  bands  of 
longitudinal  muscles,  inserted  anteriorly  at  the  root  of  the 
fourth  ambulatory  appendage,  and  posteriorly  at  the  spinning 
mammillaa.  Between  these  two  banda  are  placed  ihc  nervous 
bands.  The  relation  of  these  parts  are  shown  in  the  scclioa  in 
PI,  XXI,  fig.  £0*/,  which  cuts  the  abdomen  horizontally  and 
loagitudiiially.  The  mesoblastic  bands  arc  seen  at  m.,  and  the 
nervous  bands  within  ihem  at  ab.  g.  In  the  thoracic  region 
the  part  of  the  somatic  layer  in  each  limb  is  converted  into 
muscles,  which  are  continued  into  dorsal  and  ventral  muscles 
in  the  thorax  [vide  fig.  i.*0  r).  There  iirc,  in  addition  to  these, 
intrinsic  transverse  fibres  on  the  ventral  side  of  the  thorax. 
Besides  these  muscles  there  are  in  the  thorax,  attached  to 
the  suctorial  extremity  of  the  stomodieum,  three  powerful 
roascles,  which  I  believe  to  be  derived  from  the  somatic  me- 
soblast.  One  of  these  passes  vet  Ucally  down  from  the  dorsal 
surface,  in  the  septum  the  commencement  of  which  was 
described  in  the  last  stage.  The  two  other  muscles  are 
lateral,  one  on  each  side  (PL  XX,  tig.  iiO  c) . 

Tho  heart  has  now,  in  most  respects,  reached  its  full 
development  It  is  formed  of  an  outer  muscular  layer,  within 
which  is  a  doubly- con  toured  lining,  containing  nuclei  at 
intervals,  which  is  probably  of  the  nature  of  an  epithelioid 
lining  [PI.  XXI,  fig.  t'i  ht).  In  its  lumen  are  numerous 
blood-corpuscles  (not  represented  in  my  figure).     The  heart 
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lies  in  a  space  bound  below  by  the  splHiichnic  tnesoblast, 
and  to  the  Bides  by  the  somatic  mesoblast.  Tbis  epace 
fonn»  a  kiud  of  pericardium  [fig.  !^  j>c),  but  dorsally  tbe 
beart  is  in  contact  with  tliu  t^jiiblast.  The  arterial  trunks 
connected  with  it  ate  fully  established. 

The  nervous  Bystem  baa  undergone  very  important 
changes. 

In  the  abdominal  region  the  ganglin  of  each  side  have 
fused  together  into  a  continuous  cord  (fig.  ^1  ab.g>).  In 
fig.  20,  in  which  the  abdomen  is  cut  horizontally  and  longi- 
tudinally^  there  are  seen  the  two  abdominal  cords  (ab.  g.) 
united  by  two  Lraiisverse  commissures ;  and  I  believe  that 
there  are  at  this  stage  three  or  four  transverse  commissures 
at  any  rate,  which  remain  as  indications  of  the  separate 
ganglia,  from  tbe  coalescence  of  which  the  abdominal  cords 
are  formed.  The  two  abdominal  cords  are  parallel  and  in 
close  contact. 

In  the  thoracic  region  changes  of  not  less  importance 
have  taken  place.  The  ganglia  »xv  »i\\\  distinct.  The  two 
cords  formed  of  these  ganglia  arc  no  longer  widely  separated 
in  median  line,  but  meet,  in  the  usual  way,  iu  the  ventral 
line.  Transverse  commissures  have  become  established 
(£g.  SO  c)  between  the  ganglia  of  the  two  sides.  There  is 
as  little  trace  at  this,  as  at  the  previous  stages,  of  an  ingrowth 
of  epiblast,  to  form  a  median  portion  of  the  central  nervous 
system.  Such  a  median  structure  has  been  described  by 
Hatschek  for  Lepidoptera,  and  he  states  that  it  gives  rise 
to  tbe  transverse  commissures  between  the  ganglia.  My  ob- 
servations show  that  for  the  spider,  at  any  rate,  nothing  of 
tbe  kind  is  present. 

As  shown  in  the  longitudinal  section  (PI.  XXI,  fig.  21), 
the  ganglion  of  the  chelicera:  has  now  united  with  the  sapra- 
oesophagcal  ganglion.  It  formi<.  as  is  shown  in  fig.  SO  h  (ch.  g.), 
a  part  of  the  cesophageal  commissure,  and  there  is  no  sub- 
oesopbageal  commissure  uniting  the  ganglia  of  the  chelicerte, 
but  the  cesophageal  ring  is  completed  below  by  the  ganglia 
of  the  pedipalpi  (fi)^.  20  c,pd.  g.). 

The  supra-ivsophagcol  ganglia  have  become  completely 
separated  from  the  ejiiblasl. 

I  have  unfortunately  not  studied  their  constitution  in  the 
adnlt,  so  that  I  cannot  satisfactorily  identify  the  parts  which 
can  be  made  out  at  this  stage. 

I  distinguish,  however,  the  following  regions : 

(I)  A  central  region  containing  the  commissural  part, 
and  continuous  bidow  with  the  ganglia  of  the  chelicene. 

(S)  A  dorsal  region  formed  of  two  hemispherical  lobes. 
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(3)  A  ventral  anterior  region. 

The  ceDtml  region  conUinv  in  its  interior  tlie  commis- 
sural portion,  furmitig  u  ituncliform,  rouudei)  mass  in  each 
(^nglion.  A  transvcmc  comraiasurc  connects  the  two  (m^ 
6jf.  SO  *).  .         . 

The  dor«al  hemisplicrical  lobos  are  derived  from  the  part 
which,  at  the  i>arlier  stage,  contained  the  semicircular 
grooves.  When  tliesupra-oesopbageal  ganglia  become  sepa- 
rated  from  the  epidermis  the  cells  lining  these  groove* 
bf^comc  constricleil  off  with  them,  and  form  part  of  these 
ganglia.  Two  cavities  are  thus  formed  in  this  part  of  the 
supTB'cesophageal  ganglia.  These  cavities  become,  for  the 
most  part,  obliterated,  but  persist  at  the  outer  side  of  the 
hemispherical  lobes  (figs.  SO  a  and  21). 

The  ventral  lobe  of  the  brain  is  a  large  mass  shown  in  long 
section  in  fig.  £1.  It  lies  immediatel)-  in  front  of  and  almost 
in  contact  with  the  ganglia  of  the  cheliccrte. 

The  t%vo  hemispherical  lobes  agree  lu  position  witll  the 
fungiform  bodyfpilzbutfdrmige  Korpern},Aviiich  hasattracted 
so  much  the  attention  of  anatomists,  in  the  nupra-oesophageal 
ganglia  of  Insect*  and  Crustacea  ;  but  till  the  adult  brain  of 
Spiders  has  been  more  fully  studied  it  is  not  possible  to  stale 
whether  the  hemispherical  lobes  become  fungiform  bodies. 

H;it«chek'  has  described  a  special  epiblautic  iuvagiuntion 
in  tlie  euprn-ffisophageal  gnnglioii  of  Bombyx,  which  is  pro- 
bably identical  with  the  semicircular  groove  of  Spiders  and 
Scorpions,  but  in  the  figure  he  gives  (lie  groove  does  not 
resemble  that  in  the  Arachnida.  A  similar  groove  is  fouud 
in  Peripatus,  and  there  forms,  as  I  have  founds  a  large  part 
of  the  supra- oesophageal  ganglia.  It  is  figured  by  Moselsy, 
'  Phil.  Trans.,'  vol.  164,  pi.  Ixxv,  fig.  9. 

The  stomodaMini  is  considerably  larger  than  in  the  last 
sti^e,  and  is  lined  by  a  cuticle  ;  it  is  a  blind  tube,  the  blind 
end  of  which  is  the  suctorial  pouch  of  the  adult.  To  this 
pouch  are  attached  the- vertical  dorsal,  and  two  lateral  muscles 
spoken  of  above. 

The  proclodmum  (/»*.)  lias  also  grown  in  len^th^nnd  the  two 
Malpighiiin  vessels  which  grow  out  from  its  blind  extremity 
("fig.  20  ft,  mp.  g.)  have  become-  quite  disiiact.  The  part  now 
formed  is  the  rectum  of  the  adult.  The  proctodicum  is  sur- 
roumled  by  a  great  mnss  of  splanchnic  mesobUst.  The  mcsen- 
teron  has  as  yet  liardly  commenced  to  be  developed.  There 
is,  however,  a  short  tube  close  to  the  proctodeum  (fig,  20  e, 
m«s],  which  would  seem  to  he  the  commcncoment  of  it.     It 

'  "  Beitiiige  «.  Entwick  A.  Lopidopt^'ren,"  '  JeoWKlioZfitt.,'  vol.xi, 
p.  124. 
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ends  blindly  on  the  side  adjoining  the  rectum,  but  ii  open 
anterior!}-  towards  the  yolk,  and  (here  cun  be  very  little  doubt 
that  it  owes  it«  origin  to  cells  dcnvecl  from  the  yolk.  On 
its  outer  surface  is  «  Uycr  of  mesoblasi. 

From  the  condition  of  the  mcsciiterDii  at  this  stage  there 
can  be  but  little  doubt  that  it  will  be  formed,  not  on  the  sut- 
face,  i/ut  in  the  interior  of  the  *jolk.  I  failed  to  find  any 
trace  of  an  anterior  part  of  the  mesenterou  adjoining  the 
ttomodteum.  In  the  posterior  part  of  the  thorax  {vide  fi^. 
20  d),  there  is  muloublrdly  no  trace  of  the  alimentary  tract. 

The  presence  of  this  rudiment  shows  that  liarrois  ts 
mistaken  in  Kuppo»inj*  that  the  alimenlary  canal  is  formed 
entirely  from  the  stomoda-um  and  proctodtcuui,  which  are 
stated  by  hini  to  grow  towards  each  otiier,  and  to  meet  at 
the  junction  of  the  thorax  and  abdomen.  My  own  impres- 
sion is  thiit  tlie  stomoda;iim  and  proctodicum  have  reached 
their  full  extension  at  tite  present  stage,  and  that  both  the 
stomach  iu  the  thorax  and  the  intestine  in  the  abdomen  are 
products  of  the  mesenteron. 

The  yolk  retains  its  earlier  constitution,  being  divided 
into  polygonal  segments,  formed  of  large  yolk  vesicles. 
The  nuclei  are  more  tiumerouB  than  before.  In  the  thorax 
the  yolk  is  anteriorly  divided  into  two  lobes  by  the  vertical 
septum,  which  contnina  the  vftiical  muscle  of  the  Buctorial 
pouch.     In  the  posterior  part  of  the  thorax  it  is  undivided. 

I  have  not  yet  been  able  clearly  to  mnke  out  the  eventual 
fate  of  the  yolk.  At  a  subsequent  sta^e,  when  ihe  cavity  of 
the  abdomen  is  cut  up  into  a  scries  of  compartments  by  the 
growth  of  the  septa,  dtrscribed  above,  l1ie  yolk  fills  these 
com|iartmcnt8,  and  there  is  undoubtedly  a  proliferation  of 
yolk  cells  round  the  avails  of  thcac  compartments.  It  tvould 
not  be  unreaBQuable  to  conclude  from  thi«  that  the  compart- 
menta  were  destined  to  form  the  hepatic  ca?ca,  each  ciecum 
being  enclosed  in  a  layer  of  splanchnic  mesoblasr,  ami  its 
hypoblaetic  wall  being  derived  from  the  yolk  cells.  1  think 
that  this  hypothesis  is  probably  correct,  but  I  have  met  wiih 
some  facts  which  made  me  think  it  possible  that  tlie  thick- 
enings at  the  ends  of  the  septa,  visible  in  PI.  XXI,  fig.  S!2, 
were  the  commencing  hepatic  caH:a. 

I  ranat,  in  fact,  admit  that  I  have  hitherto  failed  to  work 
out  satiafactorily  tbe  history  of  the  mesenteron  and  its  appen- 
dages. The  firm  cuticle  of  young  spiders  is  an  obstacle  both 
in  the  way  of  making  aections  and  of  staining,  which  I  havo 
not  yet  overcooie. 


General  Conciusiont. 

Without  attempting  to  compare  at  length  the  develop- 
ment of  the  spiders  ivith  that  of  Other  Arthropoda,  I  propose 
to  iiotiit  out  a  few  features  in  the  development  of  Bptdflrs, 
which  appear  to  show  that  the  Arachnida  are  undoubtedly 
mora  closely  related  to  the  other  Tracheaia  than  to  the 
Crustacea. 

The  vbole  history  of  the  formation  of  the  metoblast  is 
very  nmilar  to  that  in  iosecls.  The  mesoblast  in  both  groups 
is  formed  by  a  thickening  of  the  median  lino  of  the  ventral 
plate  (germinal  streak). 

In  insects  there  is  tisnally  formed  a  median  groove,  the 
v&lts  of  which  become  converted  into  a  plate  of  mesoblast. 
lu  spiders  there  is  no  such  groove,  but  a  median  keel-like 
thickening  of  the  ventral  plate  (PI.  XX,  fig.  11),  is  very  pro- 
bably an  lioinotogous  structure.  The  unpaired  plate  of 
mesoblast  formed  in  both  insects  nnd  Arachnida  is  exactly 
similar,  und  beomee  divided,  in  both  groups,  into  U\q  bands, 
one  oil  each  side  of  the  middle  line.  Huch  differences  as 
there  are  between  Insects  and  Arachnida  sink  into  insigni- 
ficance compared  with  the  immense  differences  in  the  origin 
of  the  mesoblast  between  either  group,  and  thai  in  the 
Isopoda,  or,  still  more,  the  Malacostraca  and  most  Crustacea. 
In  most  Crustacea  we  find  that  the  mesoblast  is  budded  off 
from  the  walls  of  an  invagination,  which  gives  rise  to  the 
mesenteron. 

In  both  spiders  and  Myriopoda,  and  probably  insects,  the 
mesoblast  is  subsequently  divided  into  somites,  the  lumen  of 
which  is  continued  into  the  limbs.  In  Crustacea  mesobla^itic 
somites  have  not  usually  been  found,  though  they  appear 
occasionally  to  occur,  e.^.  Mysis,  but  they  are  in  no  case 
eimilar  to  those  in  the  Tracbcata. 

In  the  formation  of  the  alimentary  tract,  again,  the 
differences  between  the  Crustacea  and  Tracbcata  arc  equally 
marked,  and  the  Arachnida  agree  with  the  Trucheata. 
There  is  generally  in  Crustacea  an  iuvagiiialioii,  which  gives 
rise  to  the  mesenteron.  In  Tracheata  this  never  occurs. 
The  proctodfeum  is  usually  formed  in  Crustacea  before  or, 
Ht  any  rate,  not  Inter  than  the  stomodERuin.'  The  reverse  is 
true  for  the  Tracheata.  In  Crustacea  the  proctoda?um  and 
8tomDda>um,e.<;pecially  the  funner,  are  very  long,  and  usually 
give  rise  to  the  greater  part  of  the  alimentary  tract,  while 
the  mesenteron  is  usually  short. 

■  If  GrobHen's  account  o!  tLc  development  of  Moina  ii  coireot  this 
atat«ueDt  must  be  consiJered  not  to  hv  univenally  true. 
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In  the  Tracheata  the  mescnteron  is  always  considerable, 
and  the  proctodseam  is  always  short.  The  derivation  of  the 
Malptghian  bodies  from  the  proctodeum  is  common  to 
most  Trachcata.  Such  organs  are  not  found  in  the 
Crustacea. 

With  reference  to  other  points  in  my  investigations,  the 
evidence  which  I  have  got  that  the  chcucene  arc  true  post- 
oral  appendages  supplied  in  the  embryo  Orom  a  distinct 
postoral  ganglion,  conftmis  the  conclusions  of  most  previous 
raveatigators,  and  shows  that  these  appendages  arcequivnWnt 
to  the  mandibles,  or  |H)3sibly  the  first  pair  of  maxilla  of 
other  Tracheata.  The  invaginationj  which  1  have  found,  of 
part  of  a  groove  of  epiblast  in  the  formation  of  the  supra- 
ssophageal  ganglia  is  of  interest,  owing  to  the  wide  exten- 
Gion  of  a  similar  occurrence  amongst  the  Tracheata. 

The  wide  divarication  of  the  ventral  nerve  cords  in  the 
embryo  renders  it  easy  to  prove  that  there  is  no  median  in- 
vagination of  epiMast  between  them,  and  supports  Kleinen- 
berg's  obserrations  on  Lumbricus  as  to  the  absence  of  thia 
iovagination.  I  have  further  satisfied  myself  as  to  the 
absence  of  such  an  invagination  in  Peripatua.  It  is  probable 
that  Hatschek  and  other  observers  who  have  followed  him 
are  mistaken  in  affirming  the  existence  of  such  an  invagina- 
tion in  either  the  Chrptopoda  or  the  Arihropoda. 

The  observations  recorded  in  this  paper  on  the  yolk  cells 
and  their  derivations  are,  on  the  whole,  in  close  barmonjr 
with  the  observations  of  Dohrn,  Bobretsky,  and  Grabcr,  on 
Insects.  They  show,  however,  that  the  first  formed  mcRO- 
blastic  plate  does  not  give  rise  to  the  whole  of  the  mesoblust, 
but  that  dnring  the  whole  of  embryonic  life  the  meeoblaet 
continues  to  receive  accessioTis  of  cells  derived  from  the  cells 
of  the  yolk. 
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eiperimcnts.  The  unoont  of  oxygen  reinaining  in  the  Iluid  » 
also  considered  hj  different  authors  a  factor  of  greater  or  less 
mofflcnt  with  regard  to  the  different  fonas  of  orguiismt  or  tbeii 
earlier  stages.  The  more  recent  investigations  on  this  subject 
made  knovn  since  the  first  publicatios  of  the  present  communi- 
cation, as  well  as  those  of  the  best  authorities  previou."!^,  have 
sboim  that  as  the  different  forms  retain  their  vitality  vilb  varied 
tenacity  under  the  influence  of  higher  and  lower  degrees  of  belt, 
90  mnny  nrc  more  or  less  independent  of  the  amount  of  oxygen 
present.  It  may  be  freely  admitted  that  the  greater  part  of  the 
gas  is  well  driven  out  of  the  retort«,  bui  some  may  still  remain, 
and  if  ao-callcd  germs  and  Lower  forms  are  yul  willun  the  fluid 
or  adherent  to  the  inner  surface  of  the  retorts  or  to  the  extcnor 
of  the  liquor  jiotasss  tubes,  tbcy  will  find  oxygen  enough  for 
their  development.  The  unfavorable  conditions  into  which 
such  germs  are  brought  by  the  treatment  of  the  Tessela  and 
their  Contents,  may  well  limit  the  degree  of  fertility  ;  on  the  other 
hand,  as  Dr.  Dastian  liimself  has  found,  the  iueubatoi  tempera- 
ture of  122^  F.  (10— i5"  0.)  is  a  very  favorable  agent. 

Notwithstanding  the  jnfltice  of  these  objections,  which  could 
be  multiplied  by  an  extended  and  a  detailed  reference  to  the 
Bacterium  literature,  what  would  appear  ns  most  remarkable  in. 
Dr.  Basti&Q^s  numerous  repetitions  of  the  experiment,  it  the  uni- 
formity of  the  difference  between  the  content^  of  tlic  retorts  writh 
arine  and  unbroken  tnbes  and  of  those  with  the  mixed  flatda 
produced  by  breaking  the  potash  tubes  within  the  retorts  after 
closure  and  ebullition,  llie  critics  of  Dr.  Bastian  have  singulariy 
enoDgh  not  laid  the  proper  stress  upon  this,  the  real  point  at 
issue,  for  even  if  all  their  objections  were  just,  the  fact  of  such 
a  difference  would  be  all  the  more  interesting.  In  their  trials  of 
the  method  they  have  not  scniputously  followed  his  directions, 
and  he  i^  well  justiJied  in  refusing  to  accept  their  adverse  state- 
ments for  this  if  for  no  other  reason. 

Before  entering  upon  my  own  experimentation  I  would  with  a 
word  call  attention  to  the  apparent  unchanged  condition  of  the 
fluid  in  the  one  set  of  retorts.  I  have  found,  and  the  same 
observation  has  hern  made  by  othersj  that  the  degree  of  turbidity 
is  not  in  direct  proportion  to  the  multi plication  of  Bacteria. 
Certain  specimens  of  perfectly  clear  and  apparently  unchanged 
3nids  may  swarm  with  organisms,  whilst  in  turbid  urine  with, 
much  semment  few  if  any  organisms  con  with  absolute  certainty 
be  discovered  with  the  microscope.  This,  it  is  true,  is  not  the 
rule,  but  as  it  may  occur  the  fact  of  an  apparently  unchanged 
^ippcaranee  alone  is  not  a  sufficient  test.     It  appears  that  the 

too  o%tion  of  so-called  zooglo^a  masses  13  in  most  cases  the  cause 
toodop.iditj. 


The  fresh  filtered  urine  which  I  used  never  ahowpd  prccipiU- 
1ioii  uf  phosphates  or  albutnea  on  boiling,  atiJ  in  order  to 
aKoertaiD  the  uegree  of  aoidit;  a  previously  boitrtl  fipecimen  of  it 
was  ieaied.  Uliis  latt«r  precaution,  and  the  addition  of  the  two- 
thirds  proportion  of  lit),  pot.,  was  only  adopted,  however,  after 
the  result  was  found  to  be  other  than  that  recorded  bj  Mr. 
Bastian,  with  orinc  whose  degree  of  acidity  had  been  determined 
wilb  portions  preriously  unboiled  and  mixed  in  the  prepared 
retorts  with  liquor  potassae  of  the  proportion  of  three-fourtHs  of 
its  acidity-  1u  facilitate  the  detcrminatioD  of  the  degree  of 
acidity  a  burette  was  constructed,  with  a  capillary  terminatioa 
by  means  of  wliich  drops  of  known  weight  (0'U075  grma.)  of 
the  liquor  pctaseee  coufd  be  mixed  gradually  with  30  c.  c.  of 
aeioe.  The  equality  of  the  drops  was  insured  by  suitable  pre- 
aniions,  the  tiij.  pot.  changed  and  the  instrument  well  cleaned 
horn  time  to  time.  In  the  first  series  of  experiments  litmus 
paper  was  used,  but  ever  after  rosolic  aoid,  a  very  delicate  re- 
agent, lu  detcrmiiiiDg  wliother  or  not  the  contents  of  the 
retortA  contained  organisms,  three  to  five  specimens  from  every 
vessel  were  examined,  and  only  then  was  their  presenc«  noted 
vhem  they  could  cither  lie  dlstinguiahed  by  their  charactcrii;tic 
morements  or  other  signs  of  life,  such  as,  for  instance,  an 
increase  ia  the  size  of  the  zuogla'iL  masses,  and  when  caustic, 
liq.  potasMe^  and  strong  acetic  acid  failed  to  dissolve  the  sus- 
pected bodies.  In  all  more  than  fifty  retorts  were  charged  and 
■  etuniued. 
The  fluids,  which  were  mixed  with  the  proportionate  amount 
of  hq.  pot.,  and  which  were  examined  at  intervals  between 
twenty-four  to  seventy-two  hours  aiid  fourteen  days,  were  all 
found  turbid  and  showed  sedimentatioDj  but  not  one  of  them 
eohtaiittd  organitma ;  the  sediment  was,  moreover,  found  to 
consist  of  phosphates,  crystalline,  and  amorphous  masses  on 
being  examined  oy  means  of  micro-chemical  tests.  Their  odour 
was  not  appreciably  changed,  not  even  in  those  specimens  which 

■    contained  triple  phoephute  crystals. 
This  rcsolt  remained  the  same  after  using  urine  from  other 

indiriduals,  and  after  adding  peptone  to  some  specimens.  In 
^  order  to  make  quite  sure  that  organisms  were  not  contained  in 
H  the  fluid,  at  least  within  the  limits  of  all  means  of  examination, 
^A,  portions  of  the  same  were  allowed  to  form  sediment  in  narrow  gbiss 
^^tabes  with  a  capillary  termination,  and  the  first  drops  carefully 
H  ^^ibed  through  under  the  microscope.  In  all  these  trials  the 
^H       bB  remaiued  the  same. 

^1      P^^  remaining   in   the   incubator  during  one  month  the 
^V      icjnens  containing  unbroken  liquor  potasss  tubes  were  found 

ci«u  with  very  few  exceptions,  and,  when  examined,  contained 
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no  Bacteria,  the  sediment  diisolving  after  addition  of  aoetie 
acid ;  the  degree  of  ociditj  had  been  in  all  such  eases  retntj^- 
ably  low. 

I  could  not  so  far  corrobonilp  the  Ftalemests  of  Mr.  Basttan, 
and  was  unable  to  explain  tliis  remarkable  diTOgeoce  from  the 
expected  Ksult.  The  disappointment  was  the  more  diebearten- 
ing  as  tbe  repftition  of  hie  experiments  were  made  from  tbe 
beginning  more  with  a  view  to  an  explanation  than  as  test 
experimentA  designed  to  determine  the  truth  of  liis  statement  of 

CKt. 

There  still  remained  seventeen  retorts  in  the  incobator,  of 
vihxch  some  contained  mixed  and  others  unmixed  fluids.  They 
were  opened  and  their  contents  examined  afler  ther  had  been 
exposed  to  a  temperature  of  I2U°  F.  (40°— 45«  C.)  between 
05  to  126  days.  Tlie^  all  contained  more  or  less  tloccnlent 
suspensions  and  a  wliitish-yellow  sediment,  which  adhered  to 
the  walla  of  the  retort ;  their  reaction  with  rosolic  acid  proved 
to  be  alkaline  ami  several  smelled  of  ammonia.  One  only 
had  a  putrid  odour,  and  was  registered  as  not  cntireljr  without 
blemish.  On  addition  of  acetic  acid  the  greater  part  of  the 
sediment,  which  proved  to  consist  chiefly  of  amorphous  masses 
and  of  few  crystals,  was  dissolved;  here  and  there  were  found 
peculiar  xougla-a-hke  bodies  of  yellowish  tinge  and  a  reniarlcabie 
power  of  resistance  to  reagents,  the  exact  nature  of  which  I 
was  unable  to  determine,  and  which  frequently  appeared  in  a 
hter  series  of  experiments ;  and  lastly,  every  tpeciafH  of  urUe, 
Ki'tA  ami  vsit&OHt  admixture  of  liq.  pot.,  and  tuck  alw  KtU 
perfectlif  Hear  conienUi,  hgether  teith  one  rohotejluid  showed  aeid 
reaciiotif  contaiaed  immmeraffli  or^anisifur  of  rtirious  fornu. 

Micrococci  and  smnll  spheroid  bodies  were  most  numerous, 
and  uppt'arcd  either  as  individuals  or  in  torula-  and  zoogloea- 
form;  together  with  these,  and  next  in  number,  smaller  roda 
(vibrio),  single  and  in  biscuit  form,  and  lastly,  variable  quantity 
of  bacilli  of  all  lengths,  free  or  articulated.  Thefte  organisms 
showed  the  charnctcrislic  movements,  or  were  grouped  together 
in  more  or  lew  dense  masses.  In  no  case  was  the  degree  of 
turbidity  in  direct  proportion  to  the  number  uf  organisms,  bat 
it  seemed  to  stand  in  relation  to  the  zoogtea  after  the  action  of 
acetic  acid  had  dissolved  the  other  suspensions.  It  follows 
from  this  that  the  long-continued  action  of  the  incubator  tem- 
perature is  favorable  Co  the  multiplication  of  Bacterin,  even 
when  the  remaining  conditions  introduced  tend  to  retard  their 
development.  In  what  manner,  if  in  any,  the  presence  uf  the 
alkali  acts  ns  a  factor  was  not  thus  far  npparcnt,  especially  as 
organisms  appeared  where  it  was  not  allowed  to  mix  with  tlie 
pabulum  just  as  freely  as  where  it  was  added. 
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The  DCit  step  vas,  therefore,  to  ascertain  if  there  existed 
ft  caanl  connection  or  nimply  a  concnmjtancc  of  the  pheno- 
mena. Fox  this  object  the  following  elementary  experiiiients 
were  made.  Fresh-filtered  urine  was  put  into  test  tubefl, 
their  opening  closed  vith  cotton  and  dipped  into  (he  water 
bath  of  122'='  F.  {40—45°  C).  After  thirty  hours  the 
reaction  w&a  nlkaline,  ammonia  v&s  generated,  and  countless 
Bacteria  found  in  it.  After  some  time  the  Uacteria  sank  to 
the  bottom,  and  the  urine  was  again  clear  and  limpid.  In 
ijjite  of  the  lifeless  condition  of  the  orffaiii'^ins  ammonia  vm 
constantly  generated,  and  the  dcfrrce  of  alkalcflcencc  enhanced. 
In  order  to  determine  the  latter  I  made  use  of  a  huretti\  con. 
structed  as  tluit  for  liquor  potasew,  and  added  sulphuric-acid 
solution  (5  per  cent.),  drop  hr  drop,  to  a  certain  quantity  of  the 
^hne,  to  which  a  small  quantity  of  the  above-mentioned  alco- 
holic Kilution  of  rosolic  acid  was  added.  The  change  from  a 
brautifal  rose-red  tint  to  a  bright  straw-like  yellow,  indicated 
Ihat  the  Uni  drop  of  acid  in  excess  had  been  added.  Perhaps 
this  simple  experiment  goes  far  to  show  that  the  decomposition 
of  urea  is  not  so  directly  dependent  upon  living  organisms  as 
the  vitalistic  theory  implies;  but,  on  the  contrary,  that  the  con- 
tinued action  of  the  temperature  of  122*  F.  (40 — 15"  C.)  is  a 
riTorable  circumstaace,  if  not  an  etiological  factur  of  the 
ame.  Nor  can  the  urea  ferment  of  Musculus  be  its  cauDC,  for 
its  action  is  said  by  the  discoverer  to  be  neutralised  in  50^  C. 
and  by  alkalies,  both  of  which  are  made  to  act  iipoti  the  con- 
tents of  the  retorts  in  Br.  Bastian's  experiment.  It  is  veil 
knuvn  that  urea  is  decomposed  when  its  aqueous  solution  is 
lieated  in  sealed  glass  tubes,  or  when  in  the  dry  state  it  is  melted 
with  an  alkali  hydrate.  Mindful  of  the  latter  fact,  1  charged 
four  test  tubes  with  nn  aqueous  solution  of  nrea,  and  added  to 
two  of  these  a  small  quantity  of  dilute  liquor  potasss;.  Two 
tubes,  one  with  area  and  the  other  with  urea  and  the  alkali, 
were  sealed  ia  the  Qame  and  placed  in  the  incubator  at  122^  F. 
(40 — 4B°  C).  The  remaining  pair  was  dipped  into  the  water 
bath  of  the  same  temperature,  and  closed  with  a  cotton  plug. 
The  result  was : 

I.  Test  tube  with  urea  and  liquor  potassa;,  cotton  plug. 
Generation  of  ammonia  after  seventeen  hours  iu  water  bath. 

II.  As  I,  but  without  alkali.  Feeble  generation  of  ammonia^ 
alkaline  resction  after  130  hours  in  water  bath. 

m.  Test  tube  vith  urea  and  liq.  pot.,  sealed.  Feeble  grtiera- 
tioD  of  ammonia  after  twelve  days  in  incubator. 

,IV.  As  HI,  but  without  alkali,  was  opened  after  lifty-seven 
Generation  of  ammonia  not  distinctly  dctermiuable,  but 
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■UuJinc  reaction  was  elieim  with  rosolic  acid,  vherms  litmus 
pa{}cr  VMM  not  changed. 

It  ia  cirar,  therefore,  that  at  the  tempcnlurc  of  the  iocnbator 
and  of  the  watrT  bAth  urcn  is  docompowd  in  a  comparatiTely 
short  space  of  time,  and  that  the  iirescDce  of  the  alkali  serves  to 
facilitate  it.  The  slovncsi  of  the  geiu-rntion  of  ammonia  in 
tube  TV  is  of  especial  interest  when  hroaght  in  relation  vith 
the  ooatcnts  of  the  retorts  of  the  Urat  series.  Here,  also,  when 
other  teats  for  free  ammonia  are  not  available,  a  little  of  the 
flolu^u  of  rosolic  acid  on  a  cotton  plug,  held  over  the  mouth 
of  the  vessel,  is  a  delicate  reagent;  care  must  naturailj  be 
taken  that  the  plag  doea  not  touch  the  tube,  nor  that  it  be 
exposed  to  the  air  too  long,  for  the  smallest  traces  of  atmospheric 
ammonia  will  show  the  colour  reaction. 

With  refercQCO  to  the  change  of  the  reaction,  attention  ought  to 
be  called  to  one  retort,  mcntionerl  nbovc,  which  contained  or- 
ganisms, aud,  notw it li standing,  showed  acid  reaction.  This 
retort  was  charged^  July  1  Ith,  with  urine  of  the  acidity  of  eighty 
drops,  together  with  a  liq.  pot.  tube,  which  remained  intact.  On 
October  17th  it  was  opened  and  examined,  when  the  acidity  wta 
found  to  be  reduced  to  thirty-five  drops  of  b'Ht}  per  cent.  liq.  pot. 
Dr.  Bastian  has  already  called  attention  to  the  reduction  of  the 
degree  of  acidity  under  similar  conditions. 

A'otwitbstaiiding  the  minuti^  db^criplion  which  Dr.  Bastian  has 
given  of  his  method  it  is,  as  in  all  cases  of  eiperimr-ntation  with 
Uuids  of  unknown  or  iuconstant  composition,  never  possible  to 
repeat  the  testa  aud  draw  the  same  conclusiona.  The  simpler  the 
paoulam,  aud  the  more  we  have  it  in  our  power  to  modify  ita 
oompoaitioti,  the  more  uniform  will  be  the  results  of  cultivaHoos 
of  organisms.  I  liave,  therefore,  sought  to  study  the  question, 
making  use  of  Mayer's  solution,'  modifying  it  in  such  a  manner 
Chat,  instead  of  adding  tartrate  of  ammonin,  I  introduced  urea 
(I'OG  grm.  to  30  c.  c),  after  the  solution  of  the  other  salts 
had  been  boiled  and  filtered.  After  dissolving  the  urea  the  solu- 
tion was  again  filtered.  Althoiwh  Coha  has  found  that  this  is 
Dot  a  very  good  pabulum,  I  would,  in  reference  to  my  resultsj 
call  attention  to  the  fact  tliDt  he  himself  has  seen  Bacteria 
develop  aud  multiply  in  a  suuple  solution  of  the  milk  sugar 
of  commerce,  and  that  he  believes  that  the  nitrogen  was  absorbed 
&om  the  surrotmdmg  atmoaphere.  With  this  solution  a  number 
of  test  tubcj)  were  cnarged,  scaled,  and  placed  irk  t)ie  incubator 
122°  i\  (HI— 4&"C.).  After  sixty-fivB  days  all  specimens  were 
torbid  and  swarmed  with  organisms ;  the  decree  of  acidity  of 
30  c.  c.  WAS  reduced  from  110  drops  to  ti6  clrops.     It  seemed 

I  -1  grm.  of  potuiiutn  pboiphBtu,  1  gnn,  crjrtlaliJsed  taacDesium  lul- 
pbjite,  '01  grm.  tribasio  caloiom  phosphate  to  100  o.  c.  disliUed  water. 
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tliafc  the  ftolation  was  too  strongly  acid,  and  the  generation  of 
smmoaia  too  slow  !□  order  to  change  the  reaction.  Ln  the  next 
series  a  much  weaker  solution  wai>  cinploved.  Hetorta  charged 
with  the  same,  and  prepared  in  the  manner  of  Mr.  Baatiaii'sorine 
retort,  I.  c.  with  aud  without  liq.  pot.,  in  proportion  to  the  degree 
of  actditj.  Here,  also,  the  reaolt  was  similar  to  that  in  the  caae 
of  the  nrine  experiment.  After  ten  to  fourteen  days  the  solu- 
tions miied  with  liq.  pot.,  and  after  iifty-seven  days  those  with 
unbroken  tubes  all  contained  iiiuamerable  organisms. 

As  regards  the  forms  of  Bacteria  which  1  found  in  all  the 
abovc-dcscribfd  series  of  experiments,  the  greatest  number  were 
micrococci  (Biilrotb),  both  iu  their  characteristic  movements  aa 
separate  individuals,  or  linked  in  varying  numbers  and  at  rest, 
singly  or  in  zoogltea  colonies.  The  rods  and  bacilli  were  not  so 
numerous ;  their  contents  ap)>earcd  to  be  granular.  Iu  several 
specimens  i  also  foand  forma  much  resf  niblini;;  ascococcoa  (Bill- 
iDth).  Here  also  I  met  with  Lbc  /oogluLa-like  musses  aliewly  men- 
tionedj  but  am  unable  to  detcrniine  whether  or  not  tliey  were 
oi^^anisms,  ss  they  showed  no  kind  of  movement,  nor  could  1 
observe  any  moltiplicatioa  of  their  elements. 

It  still  remaiuit  to  be  proven  that  the  multiplication  of 
organisms  in  these  fluids,  treated  by  bigb  temperature,  and  in  a 
minimum  of  free  and  absorbed  oxygen,  te  causally  connected  with 
the  decomposition  of  urea  and  the  generation  of  ainiuuiiiu,  which 
ben  ttems  to  be  the  sonrce  for  nitrogen. 

1^  change  in  the  following  series  of  retorts,  kept  iu  the  in- 
cnbator  during  forty-one  days,  will  conclujsively  demonstrate  that 
ammonia  takes  such  a  r61e : 

I,  Iu  dilute  Mayer's  solution  and  urea  (3'0  ^ms.,  SOU  c.  e,). 
The  fluid  reottiaetf  clear,  reaction  alkaline,  contained  micrococci, 
spheroids,  rods,  and  bacilli. 

n.  In  dilute  Mayer's  solution  and  uresj  with  forty  drops 
liq.  pot.  (5'85  per  cent.);  littk  sedimentation,  fluid  clear, 
reaction  alkaline,  few  moving  micrococci  and  spheroids,  together 
with  crystals  and  amorphous,  granular  masses,  it  appears 
here  as  if  the  process  of  muItii)licati'Un  li»d  already  pa95ed  over. 

III.  In  dilute  Mayer's  solution  with  dilute  solution  of  caustic 
ammonia,  which  was  introduced  in  the  manner  as  the  liq.  pot. 
tabw  in  the  first  series,  and  then  broken.  Strong  and  ditTuee 
tnrbiditT.  reaction  alkaline,  immovable  organisms  (micrococci, 
fpfaetoioal  forms,  rods,  and  baciiU). 

IV.  In  dilute  flayer's  solution  and  urea,  and  a  tube  containing 
fifty  drops  of  sulphuric  acid  (5  per  cent.),  which  was  introduced 
and  broken  as  above.  TLuid  clear,  low  degree  of  acidity,  here 
and  there  a  micrococcus. 

Finally,  a  portion  of  the  contents  of  retort  IV  was  divided  and 
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pat  into  two  t««t  tube*,  ioto  oac  of  wbich  •  streain  of  air  charged 
with  ammonia  wa»  ted,  until  the  alkaline  litmoe  reaction  was 
obtained,  the  nthrr  rrmaining  intact.  Both  were  then  cIo5ed  hj 
m«aDa  of  a  cotton  plug  and  examined  after  forty  liiys.  The 
conl«Dta  of  the  accood  tube  were  in  nppenrance  and  reaction  Qii- 
cbanged,  whereas  the  fintt  was  tarbid  and  contained  tnach 
zooglo^a,  and  literally  swaroied  with  different  formv  of  organisms. 
It  is  worth  noting  that  litmus  paper  indicated  neutral  reaction, 
but  rosolic  acid  solution  gave  a  verj  strong  alkaline  reaction. 

A  review  of  the  abovo-dcscribed  cx[)enment«  shows,  aa  r^ards 
Dr.  Bn.«tiaD'8  work,  that  in  urJue  and  the  uioJitii'd  Mayo^a  solution 
containing  urea,inicro-nrHanism9  are  dcvelojied  or  multiply  after 
exposure  to  2111^  F.  (100°  C.)  for  a  certain  Icn^h  of  time,  after 
evacuating  the  greater  part  of  oxygen  and  placing  the  retorts  in 
an  intubating  temperature  122'*?.  (40 — <tb°C.).  But  in  the 
series  here  recorded  this  effect  was  produced  only  after  a  com- 
paratively long  time.  U  has  also  been  found  that  it  is  not  safe 
to  draw  concluBions  icgarding  the  presence  of  organisms  in  fluids 
from  their  ontward  appearance,  i. «;.  the  clearness  or  turbidty  of  the 
same,  us  the  suspensions  and  sediments  arc  frequently  composed  of 
other  bodieflj  and  aa  perfectly  cloAr  tluids  often  contain  numberless 
organisms.  Dr.  Baatian  found  that  micro-organisms  appeared 
alone  in  such  of  the  retorts  as  held  urine  mixed  with  liijuor  potasste, 
and  that  after  eighteen  to  tliirty-six  hours,  whilst  the  urine  un- 
mixed invariably  rt-inained  apparently  unaltered.  My  repetitiona 
of  his  experiments  have  led  to  n  dilferent  result ;  in  all  spctiimcns, 
irrespective  of  the  admixture  of  iiq.  pot..  Bacteria  were  developed, 
hut  only  after  a  much  longer  sojourn  in  the  iucubaLor.  The 
fact  that  they  appeared  sooner  where  the  alkali  bad  been  added 
is  explained  without  difficulty  by  the  nccelcnited  decomposition 
of  urea  and  generation  of  ammonia,  which  provided  the  necessary 
nitrogen;  in  so  far,  it  is  true,  liquor  potasaie  acts  as  a  farorablu 
factor. 

Aa  long  as  a  doubt  can  be  entertained  regarding  a  per- 
fect sterilisfition,  so  long  is  it  inadmissible  to  make  use  of  these 
results  as  arguments  in  favour  of  "  abiogcnesis."  I  am  inclined 
to  consider  these  researches  of  some  interest,  inasmuch  as  the  re- 
tardation of  a  development  of  lower  forms  or  su-catled  germs 
which  may  have  remained  in  the  vessels  can  be  naturally  ex- 
plained by  the  high  temperatures  and  excludion  of  free  oxygen, 
whilst  the  moltiplication  of  organisms  can  be  understood  when  the 
incubator  temperature  and  the  generation  of  a  simple  nitro- 
genous body  arc  considered  as  favorable  factors.  Urea  may  not, 
according  to  Cohn,  be  such  a  body,  but  when  ammonia  is  gene- 
rated in  presence  of  the  uccessarv  inorganic  substances  Bacteria 
can  multiply  even  without  an  unlimited  supply  of  free  oxygen. 
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II. 

With  a  vifw  of  nrriving  nt  a  more  definite  kuowledge  of  the 
rfectd  of  an  iddition  of  ammonia  tu  a  solution  of  salts  free  from 
nitrogen,  I  proposed  next  to  study  its  iuflacnce  under  the 
microscop«,  introducing  this  method  by  the  folluwiag  more  ele- 
meolsrj  series  of  experimeots. 

A  namber  of  retorts  were  prepared  like  those  of  Dr.  Bastian, 
[being  charged  «itb  Mayer's  sutt«  solution,  minus  the  vehiote  for 
[jiitrogeD,  nhich  Utter  was  represented  by  twenty  drops  in  each  of 
[s  dilute  solutioQ  of  ammonia  (t«u  drops  caustic  ammnnia.lDO 
tc  c.  distilled  water)  in  sealed  tabes,  which  were  aftvrwaida 
IbrokcD  and  their  contents  mixed  willi  those  of  the  sealed  retorts. 
I^The  result  proved  to  be,  in  numerous  repetitions  of  the  same 
jrocedore,  that  after  remaining  about  seven  days  iti  the  tcm- 
iture  of  the  laboratory  the  fluid  contained  numberless  organ* 
»  of  various  forms. 
Continued  obsirrvation  under  the  Tnicroscopo  waa  facilitnted 
by  a  simple  chamber  consisting  of  a  glass  slide,  upon  which 
was  fssteoed  by  means  of  Canada  balsam  a  square  of  hard  rubber 
with  a  centrol  boring  mcacurlng  4  nun.  in  tlnckucss.  On  each 
of  two  opposite  sides  a  Bnc  mcial  tube  was  let  into  the  ^Cjuare  in 

»nch  a  manner  that  a  stream  of  air  could  \)a»s  through  the 
chamber.  A  drop  of  the  salt-s  solution,  minus  nitrogen,  liaving 
been  brought  on  s  thin  cover  glass,  which  was  held  down  by  a 

Ithiu  film  of  pure  olive  oil  on  the  upper  surface  of  the  rubber 
■qoare,  the  field  of  observation  was  now  in  position,  iliv  drop 
baogiiig  in  the  chamber,  on  the  bottom  of  which  a  drop  of  dis* 
tilled  water  presented  evaporations.  A  rubber  tube  uf  small 
calibre  is  drawn  over  one  of  the  niftal  tubes  and  conncctrd  with 
a  Woulff's  Ba»k  in  such  a  manner  that  a  stream  of  ammonialed 
atmospheric  air  can  be  gently  forced  into  the  chamber.  In 
order  to  prevent  aspiration  when  the  afferent  rubber  tube  is 
filotedj  a  short  piece  of  rubber  tubing  is  attached  to  tlie  opposite 
metal  tube,  whose  distal  end,  provided  with  a  glass  mouth  piece, 
is  kept  plunged  under  water. 

'With  this  simple  apparatus,  which  can  easily  be  kept  scru- 

Solously  cle4io  and  can  be  taken  apart  when  uecessary,  the 
evelopment  of  micro-organisms  and  its  modification  when 
ammonia  is  provided  or  withheld  can  be  observed  for  many  days 
in  succe^ioD.  Here,  also,  a  small  cottou  plug  soaked  with  a 
little  rosoUc  acid  aiid  appiied  where  the  current  leaves  the 
chamber  is  of  value  in  determining  whelher  or  not  ammonia 
passes  through  the  chamber. 

ITUo  nrsulls  of  my  observations  have  led  mc  to  believe  that  the 
first  stage  in  the  drvrlnpTiU'iit  of  micrococci,  rods,  and  bacilli,  aa 
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w^  u  of  gl(co-coocQs  or  gla?o-bactcria  (Billroth]  is  rejiresentcd 
cither  by  wliat  could  onlj  be  dittinguuhed  u  an  extrfmclj  tmtll 
speck  in  tlic  5etd  or  of  spheroidal  bodies  mach  reMmbling  tioaU 
fat-globulei  ill  appearance,  but  not  in  thrir  chemical  nature^  to 
far  ail  could  be  deteriuiued  bj  tneana  of  chemical  rtagcnta.  In 
one  case  the  imallest  speck  assomea  lively  motion,  in  another  it 
remaina  where  first  seen,  and  little  by  little  a  conglorotTation  is 
formed  of  man;  like  bodies  -,  1  was  unable  to  determine  whether 
this  was  a  process  of  ditisioQ.  In  another  part  of  the  field  a 
apheroidal  body  is  gndnally  elongnted,  and  finally  a  bacillus  is 
found  in  ita  stead,  and  prrspnlly  a  thin  Hpttim  is  found  to  part 
it  into  tvo  individuals,  and  so  on  until  the  chain  of  baatli 
extends  in  some  cases  from  one  end  of  the  field  to  the  other. 
When  the  zoogloea  colonies  have  reached  a  certain  size  th^  sink 
to  the  bottom  of  the  drop.  I  have  found  tbat  in  ihow  puts 
nearest  the  under  surface  of  the  cover  glass,  micrococci  and 
zoo^cea  generalK  develop  most  abundantly,  whereas  bacilli  are 
most  numerous  in  those  parts  of  the  drop  nearer  to  the  atmo> 
sphere  of  the  chamber.  Other  globukr  bodies  send  out  pro- 
cesses of  comparatively  coasideiable  thickness,  which  are  often* 
times  drawn  in  repeatedly  or  after  assuming  a  knob-like  shape, 
at  their  extremity  sjre  gradually  separated  from  the  mother  cell; 
this  mode  of  prolification  closely  resembles  that  of  ycAst  cells, 
but  careful  measurements  have  shown  that  the  organisms  in 
question  are  smaller  than  Tornbe. 

When  the  rubber  tube  was  compressed  during  seventeen 
hours,  and  in  this  manner  ammonia  and  a  fresh  supply  of  atmo- 
spheric air  was  withheld,  no  bacilli  were  to  be  seen  in  the  fluid, 
only  micrococci  globules  and  short  rnds;  but  after  allowing  the 
ammoniated  air  free  access,  and  gently  forcing  it  through  the 
chamber,  bacilli  appeared  after  twenty-four  hours;  the  move- 
ments of  the  micrococci  and  of  the  rods  wholly  ceased,  however, 
when  the  metallic  clamp  was  allowed  to  compress  the  aflerent 
hose  for  a  longer  period  of  time.  The  movements  of  the  bacilli 
and  of  the  rods  were  such  that  the  body  proper  n-maius  un- 
bent; it  is,  therefore,  very  natural  to  suppose  that  Lhcy  arc  sup- 
plied with  a  ciliary  appendix ;  1  was,  however,  less  fortunate 
than  several  other  inve^tigakors,  and  could  not  discover  them. 
When  a  second  Woulfl's  flask>  containing  distilled  water  with 
a  small  known  quantity  of  carbolic,  acetic,  hydrochloric  acid  or 
camphor  was  connected  with  the  apparatus,  so  that  the  current 
of  air  passed  through  these  liquids  before  reaching  the  chamber, 
the  development  of  Hacteria  was  seen  to  begin  only  after  at 
least  five  days,  and  only  a  few  bacilli  appeared  within  a  week. 
Ouring  this  time  the  current  was  made  to  pass  geiitly  through 
the  chamber  erery  two  honrs  in  the  daytime,  just  as  in  the 
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iqiention  with  ammoiiiated  &ir  above  mentioned.  Uere  the 
roioUc-scid  cotton  p]ug  was  not  reddened,  no  free  ammonia 
retching  the  chambers.  As  a  control  experiment,  the  same  lluids 
vere  added  to  solutions  contained  in  test  tubes,  and  which 
swarmed  with  organisms.  No  diuiiiiutiou  iu  tlie  Tioleiit  wuvc- 
ments  of  the  RnRiKria  ensued,  nor  waH  llii-ir  number  a{i])an'ntly 
diminished.  It  is  clear,  therefore,  that  the  vapours  of  these 
so-called  antiMptic  agents  were  not  the  cause  of  the  rclardatiou 
in  the  development  or  multiplication  of  organisms.  That  the 
or|i^Diams  appear  at  all,  hot  onljr  comparatively  late,  is  easily 
ucdcrstood  when  it  is  borne  in  mind  that  Colm  observed  in  a 
ample  »oIutioa  of  milk  sugar  a  mulliplimtioii  of  Bacterin  which 
derired  their  nitrogen,  according  to  his  hvpothesis,  from  the 
atmosphere,  to  which  fact  I  have  already  called  atlcntioa,  wliiUt 
Schonbcln  fonod  that  when  water  evaporates  in  atmospheric  air 
nitrogen  is  made  free. 

The  succe5s  in  practice  of  the  treatment  of  wounds  according 
In  Mr.  Lister'.'*  method  is  now  very  generally  admittcdj  hut  the 
hypothesis  00  wbicb  this  melbod  is  based  is  not  so  universally 
accepted.  My  expeiiments  are,  in  this  respect,  of  some  interest^ 
bot  I  am  not  willing  to  claim  for  their  results  any  very  general 
application.  Observers  of  high  rank  still  assert,  after  careful 
irchcs,  the  '*  ubiquity"  of  organic  germs,  and  it  is  clear  that 
'■Bch  a  view  cannot  be  logically  made  to  harmonise  with  the  views 
I  held  by  Mr.  Lisler  and  his  mon;  ardent  disciples. 

The  antiseptic  properties  of  the  substances  which  I  have  used 
being  conceded,  I  liuid  that  they  are  harmrul  to  the  development 
anil  multiplication  of  organising  from  the  readiness  with  which 
Lthey  unite  with  substances  indispensable  to  the  existence  of  the 
irganismsratbcr  than  ou  account  of  their  direct  antizymotic  pro- 
^ertiw.  I  freely  grant  that  these  researches  do  not  conclusively 
9ve  tbi«  supposition,  bat  they  seem  to  indicate  such  a  relation. 
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Same  Tbacium»  ^  DBVKLorus>T.     Bv  E.  A.  ^-uiriut,  K.BjS., 
FuLleriiQ  Professor  of  I'hjsiologi.' 

I. 

PevKL'jpMK^Tistlif  t*rni  applifd  to  the  process  of  eTolotion  of 
an  organisu  from  its  eituplest  to  ila  uiovt  coaijJex  (tbue  of 
existence. 

lu  all  but  the  vt-rjr  lowest  animals  the  dcTeloptneat  of  the 
individual  begios  with  the  ovum  or  egg,  this  bciog  the  elemental 
portion  or  cell  of  the  parent  animal  which  ia  set  aside  for  the 
ipeeial  purpose  of  reproduction.  In  mojt  cases  the  separated 
cell  is  incapahle  hy  itself  of  rcjiroducing  the  [ureiil ;  It  mnst  first 
blend  with  »  separated  part  of  another  pnrent.  lliis  blending 
with  the  ovum  (female  reproductive  element)  of  the  antbeio- 
xoid  (mole  reproductive  element)  coustilutcs  the  proceee  of 
fertilisation. 

The  commeacement  of  development  follows  immediately  upon 
the  completion  of  fertilisation.  Ouce  commcnceil  the  pr  cess  is 
UAually  continuous,  and  being  accompanied  by  a  general  iucrease 
iu  size,  the  result  is  the  perfect  or  adult  individual.  Although 
these  two  processes  (development,  i.  e.  increase  of  structural  and 
functional  complexity,  aud  growth,  i.e.  iucreaae  of  size)  generally 
go  hand  in  hand,  we  must  be  careful  to  distinguish  between 
them.  For  mere  increnae  of  size  may  often  give  the  appearance 
of  greater  complexity,  when  in  reality  (lie  oryauism  has  not 
advaitced  either  in  function  or  in  intimnte  atruclure.  This  ia 
the  case  sometimi'S  when  the  increase  of  size  lakes  the  form  of 
budded  outgrowths  which  are  merely  repetitions  of  the  structure 
of  the  parent  organism.  The  common  freshwater  polyp  con- 
stant!)' presents  m  with  an  illustration  of  this,  fur  its  numerous 
buds  produce  no  appearance  of  complexity  which  disajipears 
when  the  buds  dulacit  themselves  as  indcpeudenl  organism!).  In 
the  compound  hydroid  polyps,  in  which  the  buds  remain  attached, 
the  appearaace  of  complexity  remains  througlioiaL  the  life  of  the 
organism,  nnd  is  accumpanied  in  some  by  an  actual  [jrogress  in 
functional  nnd  structural  complexiLj'. 

]n  the  ciLse  just  alltidcd  to  the  increase  of  size  accompanying 
developnienl.  lake.*  thi;  form  of  on  arhnrescent  repetition  of  .ill  the 
chief  parts  of  whiclithc  developing  individual  is  composed.  Hut 
it  may  instead  take  the  form  of  a  serial  repetition  sut-h  as  we  see 

'  Tl]i»  article  contains  the  sulixUnce  of  thti  Iii5t  two  of  a  «,cric9  of 
twelve  leclurci  on  Animal  DuvLlapmeut,  delivereil  jit  tlic  Ho^al  Insii- 
tutioi)  In  Jan.,  Vth.,  JUarcb,  1^70;  and  baa  not  been  modified  since  ibat 
date. 
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in  the  Strobila  itase  of  developmeut  of  the  larger  McduFir,  and 
rwhicli  presents  itselr  in  striking  contrast  to  the  nrhoresceot  repc- 
Blitiou  of  the  corresponding  stage  of  development  of  the  Craspe- 
!ote  Medusae.     In  the  so-called  Strobila  the  developing  iiidi- 
luol  has  become  psrtiall;  separated  b}*  transverse  constrictions 
ato  a  serie*  of  perfectly  similar,  s,-infcr-aha[»cd  segments,  each 
which  comprises  within  itself  in  a  rudimentary  form,  a  rcpre- 
itative  of  all  the  parts  of  the  originally  simple  parent  or- 
imsm.     So  long  as  these  remain  united  the  Strobila  is  a  com- 
juad  indiTidoal  constituted  by  a  serial  re|)Bti(ion  of  similar 
niis  ;  bnt  they  soon  prove  their  itidividnalily  by  breaking  away 
roni  the  compound  body  and  from  one  another,  and  maintainiag 
tistencc  as  inde]ieiident  organisms. 
This  serial  repetition  is  seen  in  still  more  characteristic  fonn 
loogst  the  Annelids,  where  aluiost  every  one  of  the  many  aeg- 
wbich  compose  the  body  is  complete  within  itself,  and 
one  might  h«  taken  as  a  representation  of  the  primarily 
embryo  which  produced  them  all.     Anil  viewing  them  by 
jht  of  the  illustrations  furnished  us  by  the  Ccclcntcrata,  it 
Ems  not  unreasonable  to  regard  all  animals  in  which  such  serial 
lion  is  found  as  compound  rather  than    as  simple  indi- 
iduals — to  a  certain  extent  comparable  to  the  condition  of  the 
litcd  polyps  jnst  referred  to,  but  hr  more  closely  joined  together 
]id  interdependent;  rendered  thereby  incapable  of  maintaining 
IbemseJve?  as  sqiaralc  organisms,  but,  on  the  other  hand,  able 
^tbe  better,  by  their  united  powers,  to  carry  on  the  struggle  for 
existence.    And  the  importance  of  this  serial  repetition  is  indi- 
cated by  the  fact  that  it  is  found  as  the  main  chaTacteristic  of 
the  two  most  highly  organised  briinches  of  the  animal  tree— the 
Arthropoda  and  the  Verti'hrala,  masked  llioiigh  it  often  is  in 
them  by  (hat  tendciicy  lo  rccoalesmice  which  at  lirst  sight  seems 
a  recurrence  to  more  simple  types  yf  cxiBtcnce,  but  which,  when 
alteniively  considered,  j)rov{'s  to  be  merely  the  expression  of  the 
closer  union  and  combination  of  the  separate   segments,  (he 
better  to  work  together  for  special  objects  or  for  their  mutual 
benefit. 

1  have  stated  that,  once  commeuci-d,  the  process  of  develop- 
ment of  an  nnimnl  is  n  continuous  one.  Kevertheless,  it  is 
customary  to  regard  it  as  advancing  by  separate  steps  or  tlagea 
— to  look  upon  it  as  a  staircase  or  ladder,  the  stairs  or  runga 
of  which  are  saccessively  ntlained,  and  the  number  of  which 
depends  upon  the  complexity  of  organisation  of  the  ndult  indi- 
vidual. The  familiar  [ihrases  "scale  of  develo]}ineiit,"  "  scnle 
of  orgnuisation"  (Lutin,  srala,  a  staircase),  arc  a  sufficient  in- 
dication of  the  mode  in  which  the  subject  is  gem-rally  viewed, 
Aj]d  nhhongh  1  ihink  thnt  the  continuous  nature  nf  the  process 
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shoatd  on  no  account  be  loat  s^hi  of,  ytt  it  is  ao  mmnileitlj 
coDTcnient  for  purpows  of  descnption  and  of  compuisoB  to 
mainUia  the  idea  of  grades,  ibat  I  aliall  here  adopt  a  Iilte  simile, 
ehooiing  a  succession  of  tele«co|iic  tulxa,  inFtrad  of  a  ataircsKr 
to  represent  the  lucceMion  of  developmental  phases,  bccaow 
those  can  be  iDiagised  to  be  more  or  li>9a  drawn  out.  and  ehiftrd 
upon  one  another,  so  la  to  illustrate  the  varj'iiig  rctatiouii  which 
the  tjpical  suocentTe  phases  bear  to  one  another  in  the  develop- 
ment of  dilferent  animaJs.  It  will  further  be  necewar;  to  imagine 
the  tubes  constituted  of  some  verj  elastic  material,  rendering  it 
possible  for  them  to  be  extended  to  two,  three,  or  many  timen 
their  proper  length,  or,  on  the  other  baud,  to  become  shortened 
10  much  M  to  be  searceir  perceptible.  Kach  tube  of  which  the 
telescope  is  composed  way  be  takeu  to  represent  a  particular 
stage  of  derclopment,  and  the  greater  the  complexity  of  the 
organism  the  more  tubes  must  be  added  to  the  series,  and  the 
greater  the  length  of  the  derelopmcnlal  teli'Sco[)e. 

If  wc  now  proceed  to  compare  the  development  of  various 
animals  with  one  another,  we  art  struck  with  the  resemblance — 
with  the  identity  I  might  rather  say — of  the  first  stages  in  all. 
To  begin  with  all  take  origin  in  an  omm ;  and  although  at  the 
first  glance  this  appean  so  different  in  many  (compare  the  orom 
of  a  inaminal  with  tlie  ecg-yolk  or  ovum  of  the  bird),  exami- 
nation shows  it  to  be  in  all  cases  similar  in  essential  composiUoD. 
For  the  liifference  depends  solely  upon  the  amount  of  nutritive 
material  which  has  been  stored  up  within  and  in  connection  with 
the  reproductive  protoplasm,  aud  has  relation  to  the  greater  or 
less  facility  with  which  a  supply  of  food  can  be  obtained  from 
without  daring  the  active  developmental  proccsa.  To  use  a  fa- 
miliar comparieou,  the  difference  is  precisely  tlie  itame  as  that 
between  an  army  operating  in  a  fertile  country  where  supplies  are 
readily  obtainable,  and  n  force  which  is  to  operate  in  a  region 
barren  or  de\'aetuti-d,  and  f»r  a-muvi-d  from  the  bntte  of  supplies. 
In  the  one  case  pabulum  sutlicicnt  merely  for  immediate  use  is 
required,  in  the  other  a  great  store  of  nutriment  must  be  accu- 
mulated and  must  accompany  and  proportionately  hamper  every 
movement  of  the  army.  Moreover,  since  to  a  part  of  the  force 
must  be  entrusted  the  duty  of  guarding  the  store  and  distributiog 
it  as  required,  a  greater  number  of  men  is  required  to  bring  the 
army  up  to  the  same  proportionate  strength  as  that  of  the  uoeu- 
cumbered  force.  So  in  those  ova  which  are  provided  with  a 
large  store  of  nutritive  material,  do  wr.  find  that  when  the  active 
movements  which  characterse  development  commence,  those 
movement?  are  hampered  by  the  presence  uf  the  inert  food-ma- 
terial, and  it  is  precisely  as  the  store  becomts  kssened  that  the 
apparwt  difference  between  such  ova  as  these,  and  those  others 
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nrhicli  from  the  first  have  scarcel?  any  store  of  nutriment,  dis- 
appear*.  Tlie  difference  is  one  of  degree  only  and  not  a  difference 
in  the  esaential  nature  of  the  ova ;  thia  view  u  confirmed  by  the 
eiietence  of  CTcry  shade  of  transition  between  them,  aa  well  as  by 
observing  that  the  difference  obtains  in  the  ova  of  animals  whicti 
arc  otherwise  closely  allied. 

Further,  in  the  ovum  of  all  animals  tliere  follows  immediately 
oD  fertilisation  the  successive  division  or  cleavage  of  the  single 
cell  into  first  two,  tlien  four,  and  so  on  until  an  iDdefinit«  uumb«r 
of  cells  is  fonned  wbich  arrange  themselves  around  a  central  apace 
— the  cleavage^aivity.  This,  in  the  majority  of  casea,  is  distinct 
enough,  beiug  occupied  merely  by  clear  lluid  and  cncluaed  by  a 
single  layer  of  c^;  but  in  some  inntancea  it  is  partially  or 
wholly  filled  op  by  the  excess  of  fuod-material  and  its  immediately 
attendant  protoplasm,  which  may  or  may  not,  according  to  its 
relative  bulk,  have  Martici(»ated  in  the  active  chnnges  which  have 
been  occurring  in  the  rest  of  the  protoplasm,  and  of  which  the 
cleavage  is  the  re»ul(.  To  revert  to  our  military  comparison  it 
is  M  if  the  two  armies  had  broken  up  into  detachments  and 
arranged  themselves  so  as  to  enclose  circular  areas, of  ground; 
in  the  one  case  the  detachments  unenoumbered  and  acdve  on  all 
sides,  with  the  enclosed  area  left  clear ;  in  the  other  case  the 
maUriel,  vith  the  camp  followers,  packed  away  in  the  centre 
and  partly  occupying  one  side  of  the  space,  whilst  the  least 
encumbered  detachments  are  chielly  accumulated  on  the  side 
when*  most  activity  is  required. 

Bearing  in  mind  this  difference,  and  regarding  it  as  accidental, 
we  may  take  the  completion  of  the  cleavage  process,  as  far  aa 
the  arrangement  of  the  resulting  cells  around  a  central  area  in 
the  manner  de-scnbcd,  as  the  first  stage  in  the  development  of 
all  animals.  It  mar  be  termed  the  stage  of  the  unifaminar 
Mattwierm,  or  the  Uaakuphere.  For  the  name  blastoderm  has 
long  been  apphed  to  the  cellular  niembraues  of  which  the  devel- 
oping ovum  is  formed  at  early  periods ;  and  the  term  btasto- 
Bpbere  may  be  used,  because  at  this  stage  a  typical  ovum,  i,e. 
one  with  a  minimal  amount  of  nutritive  ninterial,  consists  as  wu 
have  seen  of  but  a  single  uniform  layer  of  cells  forming  the  wall 
of  a  hollow  sphere. 

We  meet  with  this  typic-d  condition  of  the  first  stage  in  Gas- 
trophyscma  (according  to  Haeckel),  in  Phallusia,  and  in  Am- 
phiox'us  and  other  animals.  But  even  in  those  ova  which  con- 
tain only  a  slight  excess  of  pabulum  wc  find  that  there  are 
differences  observable  in  the  celts  which  form  the  wall  of  the 
blastosphcre,  for  the  food-material  becomes  cliieUy  collected  at 
one  part  of  the  layer,  rendering  the  c^lls  at  this  part  more 
granular  and  larger  than  the  others.     This  difference  may  be  so 
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sUglit  as  to  be  iliaosl  imperceptible,  u  in  the  Holothnrian 
blaatoiiphere,  or  it  may  be  more  obvious  os  in  that  of  the 
Sponge  and  Paludina.  And  erery  transition  is  fotrad  betveen 
these  coses  and  those  in  which  the  amount  of  pabalam  is  so 
gKitt  in  proportion  that  it  can  no  longer  be  contained  in  the 
t}'pical  single  laver  of  cttit,  but  becomes  accamulated  in  the 
cavity  of  the  sphere  as  veil,  cither  still  enclosed  in  definite  cells 
a«  in  the  Amphibian,  or  for  the  most  part  unenclosed  in  oelli  m 
in  the  Fish,  the  Bird,  and  the  Crustacean. 

The  next  most  importaiit  change  tbat  occurs  in  the  typtoal 
unencumbered  ovum  is  the  irivaf^inatioD  of  one  part  of  the  simple 
wall  of  the  blaslufphere,  in  such  a  manner  as  to  convert  the 
hollow  single-layered  vesicle  into  a  cup  with  double  walls.  The 
cleavajje-cftvity  or  cavity  of  the  blastosphere  is  concomitantly 
reduced  in  siiQ  or  even  obliterated  as  it  is  encruachetl  n]Kin  by  the 
invaginated  part  of  the  wall,  and  it«  place  is  taken  by  the  cavity 
of  the  cup.  The  orifice  of  this,  at  first  widely  open,  becomes 
gradually  ulosed  up  by  the  coiiliiiUFd  j^rowth  of  Ine  two  layers 
ut  the  mouth  of  the  cup,  nntil  but  a  narrow  fi|)crture  remains, 
whicik  persists  for  a  time,  but  at  length  in  many  cases  becomes 
closed.  This  aperture  is  termed  by  llaeckclthe  primitive  mouth 
vt  prototUma,  by  Lankester  the  Uattopore. 

The  result  of  the  completion  of  this  process  of  invagination  is 
again  a  hollow  vesicle,  hut  its  walls  arc  now  composed  of  two 
hiyers  of  cells  instead  of  one.  The  inner  or  invaginated  layer  is 
termed  "entoderm"  and  the  outer  or  enclosing  layer  "ecto- 
derm." The  cavity  which  they  enclose  always  become*  the 
ftttoie  alimentary  cavity,  and  hence  the  name  "  gastrula  "  has 
been  applied  by  Haeckel  to  this  stage  of  development.  We  may 
also  speak  of  it  as  the  eup-aiage  or  as  the  stage  of  the  bilaminar 
ilatloderm. 

In  typical  ova  the  original  blastosphere  is  uniform  tlirough- 
ont,  and  it  would  be  impossible  to  point  out  the  part  of  the  wall 
which  is  to  be  itivaginated.  But  in  those  ova  which  have  even  a 
small  excess  of  nutritive  material  and  in  which  therefore,  as 
already  mentioned,  some  of  the  cellj!  of  the  blastosphere  are 
characterised  hy  coutaiiiiug  this  escefiSj  we  always  find  that  it  is 
this  particnlar  part  of  the  wail  of  the  vesictc  which  is  involuted 
to  form  the  inner  layer  of  the  cup.  So  that  even  in  the  stage  of 
the  blastosphere  nc  can  predict  which  cells  are  to  become  ento- 
derm and  which  ecloderm. 

Finally,  in  those  ova  in  which  the  nutritive  matcrinl  largely 
preponderates  wc  find  that  even  when  the  cavity  iif  the  blasto- 
sphere  is  not  entirely  filled  up  by  that  material  (ami  of  coarsu 
also  when  it  is  so  lilled  up),  the  mechanical  hindrance  to  any 
invagination  is  so  great  that  the  process  cannot  be  effected- 
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StiU,  ev«a  in  suoii  ca^es  as  these  the  cup-stage  is  not  abtent. 
The  sBioe  retnlt  is  oblained,  but  in  a  dilTerent  way.  For  tha 
enclosnre  of  the  pnbuIum-contwTiing  ontoticnn  b_v  the  ectoderm 
is  effected  ■otel}'  by  the  growth  of  the  latter,  without  aur  acconj' 
panjriug  iiiTagination  of  entoderm.  In  these  cases  the  cavity  of 
the  gutrala  also  is  necessarily  occupied  by  the  pabulum,  and 
this  if  greatly  in  excess  may  even  project  beyond  the  cup-oriiice. 

We  may  then  take  the  gastrula  or  cup-phase  ns  a  second  stago 
and  note  that,  like  the  first,  it  is  met  with  (modified  only  by  the 
accidental  presence  oi  food  material)  in  all  aiiimaU  above  the 
Protozoa. 

There  are  two  apparent  exceptions  to  the  general  rule  of  for- 
mation of  the  gastrultt  stage  by  invagination.  These  nro  met 
with  in  the  development  of  the  freshwater  polyp  (Hydra)  as 
described  by  Kleinenbe^,  and  tliat  of  one  of  the  Medusx  (Ger- 
yoiiia)  as  described  by  Metschniboff  and  by  Fo!.  In  these 
animals  the'biUminar  blastoderiu  is  said  to  he  formed  by  the 
splitting  into  two  portions,  inner  and  outer,  of  some  or  all  of  the 
cells  of  the  single  layer  which  forms  the  wall  of  the  blaatospherc, 
the  inner  parts  becoming  collectively  the  entoderm,  the  outer 
remaining  as  ectoderm.  liegarding  these  exce|itiuDS  the  ques- 
tion naturally  suggests  ilself.  Are  they  due  to  defects  of  obser- 
YBlion  y  and  further.supposing  that  there  is'no  Haw  in  the  facts, 
are  they  nevertheless  cxplioible  as  tiioilificatlons  only  in  the 
ordinary  mode  of  formation  of  the  gastrula  ?  Certainly  as  far  as 
Gonceros  Hydra,  the  recorded  obstrvations  of  Kleineubcrg  are 
too  incomplete  on  this  part  of  the  development  fitr  his  couclu* 
sions  to  be  accepted  without  demur.  And  it  is  very  generally 
admitted  (hat  the  development  of  Geryonia  needs  carel'ul  rcui- 
vestigatiun  with  the  aid  of  microncopic  sections.  It  is  not 
improbable  that  the  result  of  such  reinvestigation  might  prove 
the  existence  of  some  sort  of  inv:igiriatiun  at  a  much  earlier 
period  than  that  at  which  the  so-called  delamination  or  splitting 
occur*. 

The  cavity  of  the  cup  nt  first  communicates,  as  we  have  seen, 
with  the  exterior,  by  menus  of  the  aperture  of  invagination  or 
protostome,  and  wlien  this  becomes  closed,  or  even  before  its 
closure,  another  aperture  appears,  and  in  most  cases  yet  another. 
These  aecondary  openings  into  the  cavity  of  the  gastrula  become 
respectively  the  anterior  and  posterior  oriti^res  of  the  alimentary 
canst,  and  their  formation  is  always  accompanied  by  an  ingrowth 
of  ectoderm  towards  tlic  cndoderm.  One  or  other  of  these  aper- 
tures may  be  formed  in  the  place  which  was  before  occupied  by 
the  now  obliterated  protostomc,  or  in  some  cases  the  latter  may 
itself  remain  persistent  as  one  of  the  secondary  orifices. 

We  may  now  pass  to  the  consideration  of  the  third  essential 


forwiird  step  in  development.  Thu  is  the  cepintioo  or  segre- 
gation of  some  cells  troin  either  one  or  both  pr imar7  Uyen  to  forin 
u  int«nne>ili»te  setj  which  acquires  greater  proportional  im[wrt- 
aucc  the  further  upwards  we  trace  it  in  the  Ecale  of  orK&nisatioa. 
Since  the  celU  of  this  intcrnioJiatc  set  in  most  cases,  and  certainly 
in  tvpical  ova,  are  not  of  independent  origin,  but  are  JeriTcd  in- 
directly from  one  or  other  of  the  two  primary  lavers,  it  is  clearly 
a  mistue  to  n^ard  the  layer  which  they  form  as  of  equal  im- 
portance with  the  other  two— an  idea  which  is  distinctly  implied 
oy  the  name  "mesoderm"  nsaaliy  given  to  it,  The  two  primary 
layers — the  "foundation  membranes"  of  Jiuiley;  ''ectoderm 
and  endoderm"  of  Allmaiiu — are  distinct  and  well  defined.  Tlio 
so-called  mesoderm  is  often  very  different  in  the»e  n-spe4'.ts,  to 
much  eo  that  in  some  animaU  parts  which  arc  looked  upon  as 
mesodermic  bv  some  morpliologiets  are  regarded  as  still  belonging 
to  the  two  primary  layers  by  otiiers. 

This  mistake  of  regarding  the  mesoderm  as  of  equal  morpho- 
logical importance  with  ectodcrui  and  entoderm  lias  originated 
in  the  stuay  of  the  deveio|imeut  of  the  higher  animals,  in  which, 
in  many  cases,  the  relative  time  of  its  origin  has  become  shifted, 
so  that  it  may  begin  to  appear  almost  t^imultaneouslr  with  the 
primary  layers.  And  even  in  some  animals,  not  very  high  in  the 
scale,  the  same  shifting  may  be  found.  Thus,  for  example,  io 
the  Ilolothurian,  the  separation  of  some  of  the  ectoderm  cells  to 
form  part  of  the  intermediate  or  mesodermic  set  has  already 
begun,  even  before  the  commencement  of  invagination,  and,  there* 
fore,  whilst  the  general  development  has  not  advanced  beyond 
the  blastopbere  stage.  And  the  same  shifting  is  carried  to  a 
still  grt-ater  extent  in  Clepsine,  where  we  find  that  even  when  the 
cleavage  of  the  ovum  has  advanced  but  a  step  or  two,  certain 
portions  arc  separated  to  produce,  as  the  cleavage  process  con- 
tinues in  them,  the  whole  of  thn  mesoderm.  In  this  case, 
then,  the  third  stage  has  begun  almost  as  soon  as  the  first  stage 
iUelf. 

This  premature  separation  or  precocious  segregation  (Lau- 
Icestcr)  of  parts  which  analogy  would  lead  us  to  expect  later  is 
a  very  common  feature  in  animal  development.  It  is  illustrated 
in  Clepsine  in  a  still  more  remarkable  way,  in  the  premature 
separation  of  the  portions  of  the  dividing  ovum  from  which  the 
cells  of  the  nervous  system  are  derived.  And  it  is  on  account  of 
this  tendency  which  the  phases  of  development  exhibit  to  become 
shifted  to  periods  earlier  than  usual  for  their  appearancft  that  I 
have  compared  them  to  the  tnbcs  of  a  telescope,  for  wc  can  so 
much  the  better  illustrate  them  in  their  relatione  to  one  another. 
Thus,  in  the  case  of  the  Ilolothurian,  we  should  shift  the  third 
tube  representing  the  formation  of  the  mesoderm  downwards,  so 
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as  to  overlap  the  mcodiI  one  representing  the  gastrala,  nnd  in 
the  case  of  Llep«uie  bo  m  almost  to  reach  the  base  upon  which 
the  telescope  rests. 

rAt  the  cod  of  the  predous  lectare  we  had  arrived  at  the  eon- 
sideration  of  what  we,  for  convenience,  regarded  as  tlic  third 
itage  id  the  developmental  staircase,  the  third  tube  in  the  dc- 
reloprpcnlal  telescope — the  formation,  namely,  of  the  mesoderm ; 
uul  I  insisted  that  the  term  is  a  misnomer,  because  it  obviously 
placen  il»>eireide  by  side  iu  the  mind  with  the  names  which  have 
long  been  applied  to  the  two  primary  layers,  "ectoderm"  and 
"enlodcrm/'  whereas  it  is  secoodary  to  these,  being  derived 
from  them.  The  lawwderm  con»iatfl,  in  fact,  of  cells  which 
have  been  »parated  or  !iegregat«d  from  amongst  the  cells  of  the 

finmary  Layers  for  the  iicrformance  of  special  lunctioDS.     Id  the 
Dwest  animaU  Ja  which  such  a  separation  occurs  it  may  take 
place  at  any  port  of  the  primary  layers,  or  even  over  the  whole 
of  their  extent.     Wc  arc  tin's  in  the  sponges  and  jelly-Gsh,     In 
t\ic9e,  when  intermediate  cells  are  separated,  they  lie  in  n  jellv- 
Ijlce  substance,  and  the  main  purposic  which  the  segregation  sub- 
'       serves  is  that  of  support  and  cooneciion.     Now,  it  is  obvious 
H    that  this  austeolacular  function  might  be  almost  as  welt  per* 
■    formed  by  the  inert  jelly  alone — in  fact,  the  soft  protoplasm  of 
I    the  cells  can  be  of  but  little  assistance,  so  that  we  should  natu- 
rally  took  upon  the  celU  in  this  primitive  mesoderm  rather  as 
ministering  to  the  nutrition  of  the  jelly  than  as  agents  in  the 
ft    performance  of  its  function.     Tliis  view  is  strengthened  by  ob- 
'     serving  that  it  is  the  iiiterxuediate  jelly-like  matrix  of  this  primi- 
tive connective  tissue  which  is  the  tirst  to  appear,  the  cells  (when 
thev  do  occur,  for  in  many  cases  they  are  absent  throughout  life) 
wniidcriiig  iuto  it  sulise<)uently.     In  the  larger  MedusEC  (Aurt-liaj 
they  come,  according  to  the  testimony  of  most  observers,  from 

Ilhe  entoderm ;  in  the  Sponge  they  are  derived  from  the  outer  of 
the  two  layers  which  arc  found  in  the  Olynthua  stage — the  one 
which  is  generally  rc^rded  as  ectoderm.' 
'  There  leems  to  be  somfi  oncertaiDty  about  the  interpretatiooof  the 
two  lajsm  of  cells  which  arc  fouud  in  tbu  UI,viitLus  stv^c  vf  devdopmcnl 
of  liie  Sponge.  According  to  the  descriptions  nf  various  obterTern,  anil 
npeeially  that  giTeo  by  F.  E.  Schulzu  witb  rcgfird  to  Sfcatutra  raf>haHu$. 
toe  Mgnntntalioii  of  tb«  ovum  takvt  pUcc,  and  x  blastcnplierc  Wcames 
foTBtea  much  in  the  usual  mnnncr.  Of  ihc  rrlla  of  this  bl[v<ilo!t[>hcn; 
those  nf  one  bemispbere  are  snialler  clearer,  aod  provided  with  Iouk  cliio, 
ihoit  of  the  other  aod  Icsaer  hemisphere  being  Inrfrcr.  mftve  ffrnnuUr. 
and  without  cilis.  Presently  tbo  Utter  bccoiDC  invaglnatcd,  but  Ihti 
cnppinff  tfau*  produced  proven  a  tmuooirary  condition  merely  ;  Huid  nj^ain 
accummatei  in  tbe  cavity  of  the  blasiosphere  und  obliterates  the  cup* 
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Anofhrr  proaf,  if  oiit>  were  neeclpd,  thnt  the  jclljr  ia  llic  pri- 
muTj  aud  the  c«llft  which  witndcr  into  it  the  secondary  pRrt  of 
the  purely  suftentacuiar  mesodprm  of  these  lowly  or^aDiscd 
animnU  is  to  be  met  with  in  Ihe  fact  that  in  siimc — e.  g.  Hydnt 
and  the  euioUer  Jtlly-fi»h — the  jelly  i»  the  only  jifirt  of  the  layer 
prcsi'iil.  The  nutrition  of  the  jelly  is  admiuiatered  directly  by 
the  cntodt-rra  cells. 

We  sec  tlitn  that  in  the  lower  forms  the  only  function  wliich 
is  delegated  to  the  intermediate  layer  i»  the  int.<chanic:it  one  of 
flupport.  Bat  in  all  the  higher  ouimals  the  i^rgrfgaK-il  incsdderm 
cells  arc  deputed  to  pecforoi  other  am)  more  important  foiiclions 
as  well,  for,  bMides  the  cnnnective  and  supporliuif  structures  of 
the  body,  the  actively  contractile  tissues  which  are  concerned  in 
elTecting  the  movements  of  the  body  are  derived  from  tlicm.  In 
the  Medassc  or  jelly-fishes  this  function  is  slill  performed  by  a 
tiwue  which  is  undoubtedly  part  of  the  ectoderm,  although  at 
first  MKht  it  seems  to  couititnte  a  distinct  layer  of  cross-striped 
fibres  beiienth  the  ectodermal  rpithi-lium.  For  if  these  fibres 
are  carefully  investigated,  it  will  he  fonnd  that  they  are  many  of 
them  placed  in  the  iatcrioi  of  large  ceils  which  project  to  the 

form.  After  a  certain  interval  a  tnora  dccidet)  capping  A^hm.  takeo 
place,  but  ttiis  time  it  Li  Lhc  clciir  ciliaLiid  cell*  tliat  are  inva^inaled.  This 
condition  reninini'  p^rmatiGrnt.  The  cur>-li):«  Hponce  settlej  down  and 
the  nrifice  of  the  cup  becomes  closed ;  a  jelly-lIke  sabstancs  accumulates 
between  the  two  Inyum  of  wbic^b  Lite  cup  i*  ri>rined,  and  ovIIk  pain  into  it 
from  the  outer  layer;  one  or  more  canaU  bccnme  bared  through  Ibc 
jellj  so  as  to  eflcut  a  cumtnuiitcatiim  bvtwcon  the  cavity  of  tlio  tpon^ 
and  the  external  medium  ;  and  the  spouj^e  may  be  re^nrded  at  fnrmcd. 
Now  it  is  t^enerallv  nitmncd  that  llio  firrt  ruppio;;  bein;;  temporary  is  a 
mere  accident,  and  that  the  second  repreiicnts  the  gostrtila  stage  ofothcr 
aaimalf.  If  this  is  really  tW  cane  thi-re  ii  of  course  ng  fa\i1i  to  find  with 
the  {TiMicrftlly  recpived  interpretation  which  wX%  down  the  liir^c  cclla  of 
the  ciliated  chamber!i  of  a  sponKo  as^ntoderiD  and  all  tbc  rest  of  tbc 
enongc  (vij;.  the  flattened  cctJ*  which  coTcr  tbeeslcrnal  suiface  and  line 
tnc  watercanals,  and  the  general  tbicknedf  of  its  jelly  with  its  included 
branched  cells),  as  ectoderm  (and  mcBoderm).  Hut  it  ii  cliHieuIt  to  avoid 
the  thoujilit  thnt  by  ignoring  the  lirst  cupping  and  setting  it  down  aa 
accidental  or  at  least  at  unimportiint  on  account  of  its  (rauicieucy,  an 
error  may  have  been  made  and  a  divergent  if  nnt  a  retrograde  process 
of  development  reeai'ded  vn  a  normal  and  progrestii' l>  one.  It  ta 
admitted  that  the  microscopic  nppcaranee  of  ihc  ciliated  bemiHpliere  of 
the  iiponae-blasioaphere  t*  in  favour  of  it«  being  looked  upon  aa  ectoderm 
rather  than  entoderm,  and  convcracly  with  rejrard  lo  ilie  m)ii.ciliiiti-.i 
heniiiplicre.  The  origin  of  the  brancbed  cells  in  the  jelly  from  tlia  non> 
ciliated  cells  is  a  fact  pomting  in  the  same  dircctiou.  And  altlion^h  our 
knowledge  o(  the  pliyjioiogy  of  the  sponge  is  coo  imperfect  to  be  of  much 
scfvite  in  dccidinK  the  cjueitiou,  novcrthclcss  the  vsgetntire  mod«  of  life 
which  ■pon;:L's  exhibit  tvould  luad  one  to  expect  a  propurtiDnatcly  in- 
crea»ed  cntodc-ruisl  and  dimiiiii'bud  ectodermal  dcvvlnpnient. 

If  the  conjecture  thuH  sketched  out  ia  a  sound  one  it  follows  tli 
sponges,  m  compared  with  Qllier  animals,  are  turned  inside  oat. 
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snrface  betweea  the  cells  of  the  genera]  layer  of  ectoderm,  which 
covers  the  under  surface  of  the  umbrella,  anil  they  evidently 
belong  to  that  layer.  In  otlicr  words,  the  dee^>er  parts  of  some 
of  the  ectoderm  cells  iirc  modified  to  farm  tho  muscular  struc- 
tures. In  Hydra,  according  to  the  descriptions  of  KIcincnherg 
and  Korotncff>  this  is  still  more  clearly  the  case — in  fact,  almost 
all  the  large  superficial  cells  of  the  ectoderm  arc  thus  modifLL-d 
in  their  deeper  part,  although  the  mnscular  development  is  k-ss 
characteristic.  Auw,  8U|iposiug  these  umscular  cells  of  the 
jfUy-lish,  in  place  of  remaining  amongst  the  rest  of  the  ectodennul 
cells,  to  sink  deeper  into  the  surface  of  the  jelly,  or  even  to 
become  imbedded  in  its  substance,  they  would  then  appear 
altogether  distinct ;  and  although  originally  derived  from  the 
ectoderm,  urould  be  reckoned  as  part  of  the  meaoderm.  This  i», 
indeed,  the  condition  which  is  actually  fouud  in  many  other 
Coeleiiterates. 

We  have  seen  that  in  the  lower  forma  of  the  Metazoa  the 
cells  of  the  intermediate  layer  are  derivable  from  nlmost  auy 
part  of  the  primary  layers.  But  in  all  the  higher  forms  the 
mwoderm  is  developed  from  one  part  only  of  those  layers,  aud 
this  part  is  very  frequently  close  to  the  contracted  orifice  of  the 
gastrulu,  at  the  jjl.-ice  ulierc  ectoderm  and  entoderm  pass  rouud 
iuto  one  another.'  And  from  this  place  of  origin  the  uu-sadtrunc 
cells — consisting  of  .those  which  arc  to  minister  ta  support^  and 
those  which  are  lo  miaisttr  to  movement  intermixed — spread  out 
between  the  tn-o  primary  layers.  Wc  kcu  a  typical  iu^tauce  of 
ibis  in  Paludina  and  also  in  Unio.  Now,  if  we  siipposa  that  the 
segregation  appe.ired  fir*L  at  one  pnrticular  point  at  the  margin 
of  the  protostouie,  and  ufLerwunl:*  sprtad  in  all  directions  from 
that  point,  we  can  comprehctid  how  bilateralism  might  have 
appeared  as  the  result  of  the  separation  of  mesoderm  cells  (acci- 
dentally ?)  at  one  part  only  of  the  margin  of  the  protuslome. 
But  whatever  might  have  been  the  original  conditions,  the  meso- 
derm a«  we  now  actually  see  its  development,  appears  from  the 
first  in  two  halves,  and  bilateralism  makes  its  appearance  simul- 
taneously with  these. 

Our  third  stage,  then,  such  as  we  see  it  in  all  animals  above 
llic  Cceleoterates, — the  segregation,  namely,  of  m  iutormediate 

'  If  we  agrei;  with  Haccke'  in  flurmitiin]i  that  in  the  earliest  stage  of 
animal  cTolution  in  wliich  ilic  ciip-torin  or  gastrulu  appeared,  the  orificit 
functioactl  aa  u  muulb,  wc  cnii  readily  iiiiduratiitKl  how  it  ii  that  a 
general  maodermic  crll-segre^^ation  should  bave  Cenileil  to  localivti  itsvh' 
m  the  nuighbuurliDdil  oftliut  a]»?rlurc.  Fur  this  would  piiibcibJy.  earlier 
tli&ri  utlivt'  i^inrt*,  bu^'oiuu  the  sent  of  ipeciHl  active  funclionii:  e p,  cbe 
opening  ami  claning  of  ihc  uriHee  ur  evon  the  sucking  in  nt'  uliuicat,  ducL 
aa  we  tee  OGCurriog  in  tb«  early  embryo  ul'  tks  aartU>wuriii. 
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Kt  of  cells  from  the  entoderm  and  ectoderui,  de«Uaed  (o  cub- 
serve  the  function?  of  support  and  motion,  and  termed  "  me«)- 
derm  " — hus  in  reality  in  all  probability  been  produced  bj  the 
coincident  occurrence  of  at  least  two  distinct  segregations.  Per- 
haps one  of  these,  the  muscular,  is  precocious,  and  has  blended 
with  the  other,  the  sustenlacuhr,  which  should  have  preceded  it. 
If  this  ia  the  case  each  of  the  two  segregations  should  he  re- 
garded as  constitnting  a  distinct  stage  in  development.  But  ihey 
are  bo  completely  blended  in  tlieir  origin  in  the  higher  auimaltA 
that  it  ia  impossible  to  differentiate  them.  V 

There  is  no  reason  to  euppose  that  the  two  layers  into  which 
the  mesoderm  subsequently  splits,  in  animals  in  which  a  body- 
cnvity,  or  ccclom  becomes  formetl,  have  anything  to  do  wilb  this 
sapposed  primary  double  segregation  of  the  layer.  For  the 
segregated  cells  nre  entirely  intermixed  as  the  mesoderm  spreads ; 
although  they  may  afterwards  bceome  again  partially  separated  in 
groups  (for  tlie  constitution  of  muscles,  cartilages,  Src),  according 
to  the  function  for  which  they  are  destined.  The  formation  of 
the  ccclom  is  a  distinct  forward  stage  in  development,  and  is  the 
first  step  in  the  direction  of  the  formation  of  a  circulatory 
system.  The  cells  which  hound  both  the  ca-lom  and  its  oSseto 
are  in  most  animals  segregated  from  the  general  mesoderm,  and 
belong  to  tlie  set  of  susitentacular  cells,  hut  in  the  TlDlothurian, 
according  to  the  cleacription  given  by  Selcnka  (and  also  in 
Ragitta  and  Amphioxus  as  shown  by  Kowalcw^ky),  they  are 
derived  directly  from  the  entoderm  of  the  alimentary  cavity,  and 
already  before  their  severance  from  this,  encioee  a  commencing 
ccelom.  There  is  not  sufficient  ground  for  regarding  these  lining 
cells  of  the  cielom  and  vascular  system  as  conetituting  a  special 
segregation.  In  vertebrates  they  arc  certainly  of  the  aame 
nature  as  those  of  the  sustentacular  part  of  the  mesoderm  (the 
connective  tissue),  and  the  same  is  probably  the  case  in  the  other 
animals  where  they  are  found. 

Another  well-dehued  forward  stage  in  development  is  the 
occnrrence  of  a  special  segregation  of  ectodermic  cells  for  the 
performance  of  the  nervous  function.  These  differ  from  those 
which  are  destined  for  the  mnscular  function  in  thai  they  are 
never  blended  in  their  origin  with  the  mesoderm,  and  indeed  do 
not  in  any  animal  lose  their  primitive  connection  with  the 
ectodi'Tm  until  development  is  comparatively  advancedj  if  even 
they  do  so  then. 

ks  in  the  case  of  the  muscular  tsegre^tion  the  first  indication  of 
a  separation  of  some  of  the  ectodermic  oelSs  for  the  performance 
of  nervous  and  special  sensory  functions  is  met  with  in  the 
Cmlenterata.  This  takes  the  form  of  a  prolongation  of  the 
attached  ends  of  some  of  the  ectoderm  cells  into  branched 
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Sbret,  irhich  interlace  with  those  of  neiglibouiing  cetU,  and 

I  probably  serve  to  convey  any  iropressionH  received  oy  the  wlla 
of  vhicb  they  form  &  pirt,  to  deeper  lying  musculur  cctle  which 
have  lost  their  place  in  the  saperficial  ectodermal  layer  and  their 
connection  with  the  external  medinm. 
The  "  nerve-cpitheliaai  cells  "  thiu  formed  may  themselvea 
tend  to  Mok  below  the  general  surface  of  ectoderm.  If  this 
happens  they  lose  the  characteristic  shape  of  epithelium  cella, 
and  become  rounded,  with  extensions  in  the  direction  of  the 
nrrvc-proloDgation?.  In  fact,  like  the  muscular  tissue,  they 
assume  a  minute  stmcture  which  is  simitar  to  that  of  the  nerve- 
cells  and  nerves  of  the  higher  animals.  Nevertheless  these 
nerve-ccll«  in  the  jelly-fishes  in  no  case  genarate  themselves 
from  the  ectodermal  layer.  They  lie,  in  fact,  between  il  and  the 
muscular  layer  in  those  parti  in  which  the  latter  occurs. 

And  the  senae-organs  in  this  branch  of  the  animal  kingdom 
also  show  that  their  essential  place  of  origin  is  from  the  ecto- 
derm. For  visual  organs  first  niiikc  Ificir  appearance  as  patches 
(if  ectoderm- eel  Is  filled  with  coloured  pigment,  and  some  of 
them  with  nerve.fibru  processes  connecting  them  with  adjacent 
nerve-epithelium  cells;  auditory  organs  as  cctoderm-celU,  con- 
taining crystals  in  their  interior,  and  similarly  connected ;  and 
olfactory'  organs  as  little  pits  lined  by  ciliated  ectoderm  •eel  Is, 
and  eonnfcted  likewise  to  a  nerve-epithcliam.' 

Amongst  other  animals  we  observe  fhat  in  Sagitta  also  the 
segregation  of  ectoderm  to  farm  a  nervous  layer  ts  in  the  first 
instance  general  and  not  localised.  Eveuiualiy  this  segregation 
becomes  accumulated  mainly  in  two  situations  to  form  the  cephalic 
and  abdominal  ganglia.  In  Amphibia,  too,  the  reparation  of 
ectodermic-cells  to  form  a  nervo-sensory  layer  is  at  first  general. 
But  iu  most  animals,  c.  ff.  the  Earlhworm,  Euaxes,  Ascidia, 
Amphioxus,  the  segregafioii  in  question  begins  at  one  part  only 
of  the  edge  of  the  proto«>tome,  as  is  the  case  with  tne  meso- 
dermic  segregatiou — this  situation  having  been  possibly  deter- 
mined by  the  high  functional  importance  of  this  orilico  (assnm- 
Iing  as  before  with  Haeckel  that  it  originally  served  as  a  mouth.}. 
Extending  from  this  situation,  the  nervous  separation  would  no 
doubt  be  chiftly  guided  by  the  arraugL^mctst  of  the  pre-formed 
muscular  segregation,  and  would  hence  teud  to  assume  a  bilateral 
condition  such  as  we  see  it  to  poeecsa. 

'  It » tha  opinion  of  Frofessor  Claus  that  the  depression  wbich  19 
seated  abov*  tne  bue  of  each  lithocjrst  in  Aurclla  ami  allied  farmt  of 
Meduix?  represents  an  olfactory  organ.  Aui]  theiuuiupiirativu  rcEoarchea 
of  Dr«.  O.  nnd  R.  Hortwi"  have  rendered  Jt  more  loan  |]riibiibte  that 
the  otoliths  ot  the  jelly  tisn  even  irhen  they  sppeor,  u  in  Aurella,  to  b« 
connected  with  eutoderm  alone,  are  urigiually  derived  TrQui  lh«  eclo- 
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We  aUo  find  that  cells  vliich  are  wt  aside  for  the  >o1e  per* 
formftnce  of  special  functions  iovariibljr  become  modified  in  the 
arrangement  of  their  living  substance,  and  in  some  cases  also 
in  its  cbcmicAl  nature,  llie  structural  changers  wliicli  thus 
accompany  und  indicate  the  a«suruption  of  any  i^pecial  function 
bj  cella,  constitutes  the  science  of  histology.  It  nould  be 
carryiitg  us  too  fur  from  our  immediate  subject  to  enter  iulo  a 
detailed  account  of  the  nature  of  these  structural  changes  htze, 
so  1  will  onlj  point  out  two  facta  with  regard  to  them.  One  u 
that  the  special  mt>difications  of,Btractur«  which  tla-  crlls  assume, 
that  have  been  sal  aside  for  the  sole  i)erformaDcc  of  special 
functions,  are  similar  throughout  the  animal  Icingdom  in  all 
esseutial  features.  The  second  i^  thai  in  the  luweat  types 
where  they  occur  the  structural  characters  appear  before  tlie 
segregation  of  the  cells  is  complet«,  whilst  on  the  other  band 
in  the  developuicut  of  au  iudiviiiual  b<^'luiigiug  to  the  liigher 
types  such  segregation  may  have  been  long  ctft-cted  before  cither 
the  functions  or  the  accouuauying  Mructural  chaagcs  iu  the  ccUa 
begin  to  be  mauiftst;  aiioliior  instance  uf  premature  segregation. 

We  have  thus  far  been  speaking  of  tlic  separation  of  special 
sets  of  the  cells  of  which  a  simple  organism  is  composed  for 
the  performance  of  special  duties.  But  iu  tlie  united  or  com- 
pound  organisms,  before  considered,  it  very  frequently  happens 
that  one  or  more  uf  the  units  of  wliich  the  compound  body  it 
composed  becomes  altogether  specially  modified  for  the  perform- 
ance of  one  duty  to  the  exclusion  of  ythers.  Thus  we  see  that 
some  of  the  individual  buds,  of  which  the  compound  organism 
of  a  hydraid  polyp  consists  arc  adflpted  for  purposes  of  prehen- 
sion and  alimentation,  whili-t  olbtirs  ure  adapted  Mjfely  for 
reproduction.  This  localiaalion  of  function  in  the  different  buds 
of  a  compound  orgamam  is  carried  to  an  extreme  degree  iit  the 
Siphonopuora — animals  which  on  the  whole  resemble  the  hydroid 
polyps^  but  instead  of  being  fixed  to  a  rock  nt  the  bottom  of 
the  sea,  fioat  near  the  surface  of  the  water,  looking  like  strings 
of  beautifully  Lridtsc<:iit  hyiijinc  buids.  In  them  wc  End  the 
specialisation  of  iudividuals  to  have  proceeded  so  far  that  whilst 
one  of  the  innumerable  individuala  wliicii  have  been  pruduced  by 
budding  from  the  original  single  oni::,  is  set  aside  to  perform  the 
purely  mechanical  purpose  of  suspending  the  united  colony  near 
the  surface  of  the  sea,  and  is  changed  into  a  minute  balloon 
enclosing  a  bubble  of  air;  oiliera  are  deputed  Iu  |)ropel  the 
organism  through  the  water  and  become  wholly  transformed  into 
so  many  puUatmj^  bdU ;  others  again  have  merely  to  rvccive 
tactile  impressions  from  ohjectt:  tn  llic  external  Diediuiii,  unil  arc 
chiefly  mttamorphosed  iulo  long  frt-Ier*;  others  arc  occupied 
solely  with  the  seizure  and  ingestion  of  victims  for  the  food  of 
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the  whole  compound  organism^  and  maint;  consi«t  of  a  stomach 
with  a  long  stinging  trailer  nppnndcd ;  others  have  confided  to 
them  the  reproduction  of  the  organism ;  whilst  all  the  more 
delicate  of  the  thus  oiodilied  individuals  cad  shrink  for  shelter 
under  certain  other  of  the  menibers  of  the  colony  which  have 
degeoenled  Into  tttm  protecting  scales.  And  in  that  higher  type 
of  compound  orgaaisra  which  is  characterised  by  serial  instead 
of  budding  repetitioo,  whole  indiridual  ae^ments  are  ofloa  u 
distinctly  eet  apart  for  the  performanci:  of  a  special  function, 
although  from  their  close  union  one  with  another  it  is  generollj 
difficult  to  trace  anch  complete  specialisation.  The  extensively 
found  adaptation  for  prehensile  and  masticatory  purpopes  of  one 
or  more  of  the  anterior  segments  in  so  many  of  these  organisms 
readily  comes  to  mind  as  an  iUustration  of  this. 

but  let  us  revert  to  the  coueidfration  of  the  sets  of  cells  which 
become  segregated  for  special  purpscs  from  the  primary  blasto- 
dermic layers.  Once  formed  they  are  found  to  proceed  through 
stages  of  their  own,  varying  in  number  with  the  extent  of  devel- 
opment of  the  organs  which  they  compose  in  different  animals. 
In  one  group  of  animals  it  will  often  be  found  that  one  or  more 
snch  segregations  have  progressed  in  their  functional,  mid  corre- 
spondingly in  their  structurnl  development  much  further  than 
others.  In  illtislration  of  this  we  may  notice  that  in  the  Verte- 
braia  it  is  the  nervous  segregation,  in  the  Arthropoda  the  mus- 
cular segregationj  which  aoovc  all  others  ha^  attained  the 
greatest  development.  What  mammal,  for  instance,  is  capable 
of  the  tenili  part  of  the  activity  in  proportion  to  its  sine,  which 
is  evinced  by  the  sustained  flight  of  the  dragon-fly  or  the  pro- 
digious leap  of  the  flea  ! 

As  an  dluslration  of  the  progression  in  development  of  a 
special  segregation,  it  will  for  our  present  purpose  be  most 
instructive  if  we  trace  out  the  early  stages  of  formation  of  the 
nervous  system  in  one  of  the  highest  types,  and  if  we  compare 
those  stages  with  wliat  we  find  in  animals  lower  in  the  scale. 

In  the  Toad,  which  we  may  select  as  a  typical  Vertebrate, 
there  is  at  first  a  uniform  layer  of  cells  which  is  separated  at  an 
early  period  from  the  ectoderm  ;  then  a  thickening  of  this  layer 
occurs  on  cither  side  of  the  axis  of  the  embryo,  extending  for- 
wards from  the  protostome,  the  two  thickenings  forming  the 
boundaries  of  a  groove  which  lies  between  them  ;  we  ncit  find 
the  groove  becoming  roofed  over  by  upward  eitensions  of  ecto- 
derm, both  from  heuind  the  protostome  and  on  either  side,  and 
thus  converted  into  a  canal  which  is  at  tirst  open  in  front  and 
communicates  behind  through  the  protostome  with  the  alimen* 
tary  cavity  ;  next  (or  even  before  the  roofing  in  is  completed)  we 
observe  that  the  anterior  part  of  the  aerve*lube  becomes  eu- 
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Ureed  uid  sabdiridod  to  form  the  primarj  parU  of  the  bnio, 
ua  fioidlT,  the  wall  of  the  tube  become*  diSereDtuted  to  form 
nervc-crlU  ami  nprvc-fibres. 

If  DOW-  vc  compare  these  stages  of  development  of  the  neivotu 
system  of  the  Toad  with  temporair  or  permauent  condiUotu  of 
tiw  same  sjrstem  in  c«rUui  animus  lower  in  the  scale,  we  axe 
«tnicl[  at  oQc«  bj  the  ^t  tliat  the  various  stages  deacnbod  an 
more  or  less  represented  by  those  conditions. 

Without  again  referring  in  detail  to  the  mode  of  formation  of 
the  nervous  ajrstem  as  a  general  segregation  from  the  ectoderm, 
which  is  met  with  in  the  Meduse  and  in  Sagitta — for  it  might 
perhaps  be  accounted  too  bold  to  .ittcmpi  a  oomparison  between 
these  and  the  earliest  stage,  that  of  general  seigregation,  in  the 
Toad — wo  find  that  in  the  Karth-worm  the  nerrona  sjrstem  oom- 
meDces  exactly  as  in  the  Toad,  in  the  form  of  two  thickeuinga  of 
the  ectoderm  which  extend  forwards  from  the  cup-orifice  and  form 
tlic  boundaries  of  a  shallow  groove.  But  the  development  does 
not  proceed  further  m  the  same  way  as  in  the  Vertebrate,  for  the 
groo?e  is  never  oonrerted  into  a  canal. 

In  the  Asoidian  wc  observe  as  the  first  stage  in  the  develop' 
ment  of  the  nervoos  system  the  formation  of  a  neural  groove, 
with  its  bouudiuies  of  thickened  ectoderm — so  far,  as  in  the 
Earth-worm ;  but  the  develoiiment  proceeds  a  stage  further.  The 
groove  becomes  gradually  roofed  in  from  behind  forwards,  forming 
a  tube  which  long  remains  open  in  front  and  is  traceable  behind, 
through  the  protostome,  into  continuity  with  the  alimentary 
cavity.  But  although  the  anterior  extremity  becomea  enlarged, 
nevertheless  the  devetopuient  of  the  nervous  system  in  Phallasia 
turns  aside  from  (he  Vertebrate  road,  and  passes  through  a  serie* 
of  tniusfurumtions  u  hick  ore  special  tg  the  Tuuicate  ty{)e.  Indeed 
tht'sv  iiri-  uf  such  a  nature  that  the  tuhular  ehanicter  of  the  ncrvona 
lystcm  soon  becomes  no  longer  recognisable. 

Iq  Amnhioxus  rxncLly  the  same  early  stages  arc  passed  throng ; 
there  is  lirst  the  groove,  then  the  enclosure  of  tnis  to  form  the 
neural  c&nol,  open  at  first  in  front,  and  communicating  with  the 
alimentary  cavity  behind.  But  tiicfir  s])crturt;s  before  long 
become  closed,  and  the  neural  canal  shut  off  as  a  distinct  simple 
tube.  In  this  condition  it  remains  [lermatieullyj  only  that  the 
walls  of  the  tube  become  much  thickened,  so  that  the  cavity  is 
almost  obliterated.  .-Vl  though  there  is  no  very  apparent  de- 
parture from  the  path  which  wo  have  seen  that  the  nervous  system 
of  the  Toad  takes  in  its  development,  nevertheless  there  is  no 
further  proftression ;  the  anterior  enlargement  to  form  the  brain 
never  appearing. 

This  oricf  sketch  is  aulBcient  to  show  that  the  various  stages 
in  the  development  of  the  nervous  system  of  a  Vertebrate  are 
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^_;)re9ented  b;  Irausitory  or  even  br  pennanent  conditioos  of  the 
nervous  sTstem  of  a  series  of  animala  Tow^fr  in  the  Ecalc  of  organi- 
satton.  If  wc  were  to  analyse  in  the  same  way  the  ilcvcJopment 
of  auT  otLer  sMcialiseit  segregation  of  one  of  the  higher  animals, 
we  should  iiau  that  exactly  similar  result!  vould  be  arrived  at. 
Did  time  and  »p3ce  allow,  it  would  be  easy  to  trace  the  corre- 
■pondeooea  of  development  in  the  case  of  the  heart,  of  the  central 
axis  or  notocbord,  of  the  branchial  slits,  of  the  renal  orcatis,  and 
*o  on.  And  if  thii  correspondence  of  permanent  conditions  in 
lover  animals,  with  stages  of  development  in  higher  amuials, 
is  lUns  found  to  obtain  to  minute  detail  .  in  the  separate 
and  specialised  parl«,  it  stands  to  reason  that  it  most  be 
found  also  in  the  aggregate  which  those  parts  oompoee.  And 
indeed,  in  many  cases,  even  in  the  mere  matter  of  external  form, 
the  correspondeuce  is  often  such  aa  to  strite  the  most  ordinary 
obaerver.  Compare,  for  example,  the  polyp  stage  of  develojiiiicnt 
of  the  jeliy-fish  with  the  permanent  conditions  of  some  of  the 
Uydroid  polyps;  compare  the  Scyphistoma  stage  of  Aureha  with 
the  permanent  condition  of  Lucernaria ;  compare  the  tailed  larva 
of  Phatlosia  with  the  permanent  condition  of  Appendicularia ; 
wmpure  the  several  stages  of  transformation  of  one  of  the  higher 
Crustacea  with  |iermaiient  conditiune  of  the  lower  Crustacea ; 
compare  the  various  stages  of  the  developing  Ampiitbiau  with 
either  transitory  or  permaoent  conditions  of  Worms,  of  Tunicatea, 
of  Amphioxns,  and  of  lower  Vertebrates  ! 

In  concliuion  I  will  attempt  to  formulate  as  briefly  as  pos- 
sible, some  of  the  general  results  at  which  we  are  able  to  arrive 
from  a  conaidention  of  the  facts  vre  have  had  before  na  : 

I.  If  we  compare  the  processes  of  development  of  any  two 
animals,  from  Sponges  upwards,  we  find  complete  correspondeuce 
up  to  a  certain  point ;  from  which  point  they  may  diverge  from 
one  another.  This  point  is  sometimes  placed  near  the  bottom  of 
the  development-scale,  Bometimes  near  the  top  ;  or,  it  may  be,  in 
any  intermediate  position. 

II.  Development  is  es^eutinlly  localisation  of  function  and 
concomitant  or  consetjuent  modification  of  structure ;  such  modi- 
fication being  accompanied  by  segregation  of  the  cells  concerned 
with  the  function  localised. 

III.  The  path  of  development  of  nil  the  more  important  of 
the*e  Mgrcgated  parts  is  the  same  up  to  a  certain  point  in  the 
deveiopmeut  of  each  segregation.  I'rom  this  point  it  may,  in  any 
animals  or  group  of  animals,  diverge  from  the  rest ;  or  may  remain 
stationary,  whilst  in  the  others,  specialisation  and  modification 
progren  further. 

IV.  The  various  stnges  or  phases  of  development  of  an  animal, 
well  aa  of  its  specialised  parts,  are  often  found  to  correspond 
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with  either  permuient  or  tnmBient  condUioDS  of  aniauls  lover 
Id  the  scale. 

V.  Sioce  the  phases  of  development  of  individual  animaU  are 
often  eren  to  be  rejirteentattons  of  the  permanent  conditions 
which  are  met  with  in  h  series  of  aninulf>  belonging  to  lower 
grades  of  organisfitiou,  it  is  impossihle  not  to  infer  that  these 
successive  jthaaes  in  tlic  derelopment  of  the  individual  represent 
aimilar  pbasea  in  the  process  of  formation  or  development  of  the 
race  to  which  the  individual  belongs.  To  Yevert  to  a  former 
simile,  we  mnv  safely  say  that  the  developmental  lele8C0|>e  of 
the  individual  is  the  same  as  that  of  the  race,  but  with  the  tubes 
shortened  or  alufied  one  upon  another  »o  that  in  many  cases 
their  original  order  is  no  longer  recognisable.  'ITic  history  of 
the  devclopmeut  then  of  any  individual  animal  from  Ute  egg  H 
an  abridgment  of  the  history  of  formaijuu  in  time  of  the  race  ; 
or,  to  slate  the  matter  in  as  few  words  as  possible,  "devclopmens 
represents  descent ." 

We  conclude,  therefore,  that  the  ancestors  of  every  animal  have 
successively  exhibited  structural  conditions  which  are  repre- 
sented in  a  more  or  less  modified  form  bv  the  successive 
stages  of  development  of  tlie  individual.  Ibis  is  the  only 
logical  concluAion  to  which  tlie  study  of  animnl  development 
leads.  Modifying  slightly  the  words  of  Darwin  I  would  i/ay,  "  to 
take  any  other  view  is  to  ndmit  that  the  structure  of  animals, 
and  the  history  of  their  development,  form  a  mere  suare  laid  to 
entrap  our  judgment." 
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I  On  tie  Ili5T0LUGY  5/*  Hydra  »U8Ca.'     Bj  T.  JiurpRBV  PARxmif 
B.So.,  Prareswr  of  Natural  History  in  the  Unircrsitv  of 
Otago. 
TflE  few  observations  I  have  to  offer  on  this  mucli-discussed 
»ubj«t  are  partly  coiifinnatory  of,  partlj-  Bupplementary  to,  those 
of  Klciiicnbcrg;-  tliey  present  a  certain  agreement  with  those  of 
T.  K.  Schalze;-'  while  they  arc,  in  great  nieasute,  Jistiuctly  con- 
tradictory of  the  later  reaearcbes  of  KorotnefF.* 

1.  Tie    Ectoderm  and    the   Miiscnlar  La^er. — The  layer   of 

I  longitudinal  fibres  betu'cc.i  the  ectoderm  and  tbe  eudoderm  was 
discovered  by  Kulliker,  who  believed  that  each  fibre  was  in  direct 
eonnection  with  an  endoderm  cell.  Klcincnberg,  in  teased  ape- 
inmena,  »aw  that  the  ectoderm  cells  tapered  towards  their  inner 
cadSf  and  tbat  each  %vas  contitiueii  into  a  simple  or  branched 
process,  of  precisely  tbe  same  character  as  the  fibres  aeeu  in  sec- 
tions :  from  this  observation  tbe  important  concluaioii  was  arrived 
at,  that  the  fibres  were  in  direct  continuity  with  the  ectoderm 

■  cells,  thns  forming  a  sort  of  nascent  mesoderm. 
Scbulze  figures  the  elements  of  tbe  middle  layer  as  fusiform 
fibres  with  somewhat  jagged  edges.  Korotueif,  following  Kleinen- 
berg's  directions  as  to  methods  of  preparation,  came  to  the  con- 
clusion tbat  tbe  ectoderm  cells  vcie  expanded  (f/feryiV)  at  their 
inner  ends,  and  that  each  carried  a  fusiform  refringent  fibre, 
attached  by  its  middle  to  the  enlarged  base  of  tbe  cell,  and  pro- 
H  jecting  beyond  it  iu  either  direction,  so  that  the  cell  appeared  aa 
^  a  lateral  appendage  [annexe)  of  the  librc,  rather  than  the  fibre  as 
a  prolongation  of  the  cell. 

Uow  Nf .  Korotneff  can  hare  come  to  this  conclosion  as  lo  the 
abape  of  the  ectoderm  cells  it  ia  rather  dillicult  to  imagine;  by 
any  ordinary  method  of  preparation  it  is  perfectly  easy  tu  satisly 
oncscirthat  the  ectoderm  cells  ofthe  body  are,  asn  rule,  markedly 
distinguished  from  those  of  the  endoderm  by  tbe  tapering  of 
their  inner  ends;  and,  in  good  specimens,  that  these  ends  arc 
continued  into  longer  or  shorter  filaments. 

The  question  of  the  exact  relations  of  the  fibres  is  by  no  means 
so  easy  to  decide.     Any  one  working  ailli/fira  for  a  week  or  two, 

■  and  nsing  various  methods  of  preparation,  might  readily  frame  a 
'  From  tbe  '  ProcoedinRS  of  tho  Royal  Sociaty,'  No.  200,  Ikso.    Tbe 
I'tatc  there  eiven  ia  not  reproduced, 
'  ■  Hjdra;  1872. 

'  '  Ueter  dcu  Bnu  u.  die  Eotwickluii];  von  Cordylophora  lucustri*,* 
1871. 

'  "  Hiitoloaie  de  I'Hydre  «t  d«  la  Lucemaire,"  '  Arch,  dc  Zool.  e«p., 
t.  V  i.tB;ii>,  p.  aey. 
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dozen  difTcrcnt  theories  on  this  point,  all  cqaally  supported  by 
appearances.  But  th«  matUr  eeems  to  me  to  be  entirelj  Mt  at 
rest  bj  thin  longitudinal  sections  of  specimens  preserved  in  am- 
monic  bichromate,  which  reagent  nsaallj  has  the  effect  of  causing 
a  certain  amount  of  separation  between  the  Uyen.  In  such  sec- 
tions  the  ectoderm  cells  are  distinctly  seen  to  taper  off  towards 
their  inner  ends ;  the  fibres  to  pass  from  them,  at  a  sharp  angle, 
towards  the  endodcrm,  o^  more  correctly,  totrarOa  the  supportioK 
lamella ;  and,  in  some  cases,  the  fibres  can  be  distinctly  traced 
into  the  attenuated  extremities  of  the  cells. 

As  to  the  true  nature  and  functione  of  these  structures.  Dr. 
Kleineiiberg  calls  the  ectoderm  cell,  with  its  filamentous  proceM, 
A  neurc-musclc  cell ;  M.  KorotnelT  prefers  to  name  it  an  epithelio- 
muscle  cell;  Professor  Huxlcv*  considers  that  the  fibres  "are 
solelj  intemuncial  in  function,  and,  therefore,  the  primary  form 
of  nerves."  This  last  view  is  rendered,  to  say  the  least,  decidedly 
improbable,  by  tho  great  number  and  the  regular  disposition  of 
the  fibrca.  It  teems  ^jtriori  unlikely  that  an  animal  devoid  of 
all  muscular  tissue  should  have  a  layer  of  ctose-set  loitgitadiiuJ 
nerve-libres  throughout  its  whole  body,  while  such  an  arrange- 
ment is  perfectly  iTitclligiblc  in  a  set  of  specially  contno 
tile  filaments,  developed  as  a  meanit  of  rapid  retraction  of  the 
body. 

Tlie  teim  "  neuTO-muscnlar^'  implies^  as  Kleinenberg  explains, 
that  the  process  only  ia  contractile,  the  function  of  the  cell  itself 
being  merely  to  receive  and  transmit  impreasions.  But,  as  Pro- 
fessor Huxley  poiuts  out,  it  is  absolutely  necessary  to  assume 
contractility  in  the  cell  proper  to  account  for  the  leugihenins  of 
the  body.  The  fibres  merely  have  a  special  degree  of  contractility 
assigcued  to  them,  in  correspondence  with  the  obvious  advantage 
accruing  to  the  animal  from  the  power  of  instarttaneous  shorten- 
ing, the  general  contractility  of  the  cells  serving  for  extension, 
this  movement  being,  as  observation  of  a  living  Hydra  shova^ 
a  comparatively  slow  one.  The  fibres  must  also  be  of  use  in  th« 
characteristic  "  loopiog"  movement?  of  the  animal. 

The  simplest  and  most  reasonable  way  of  looking  at  these 
structures  is  that  adopted  by  Dr.  Michael  Fosterjand  illustrated 
in  the  diagram  at  the  beginning  of  the  third  chapter  of  his 
'Text-book  of  Physiology."  These  show  clearly  enough  that  the 
ectoderm  cell  of  Hydra,  with  its  muscular  process,  is  the  equiva- 
lent of  what,  in  the  higher  animals,  becomL-s  sensory  cell,  sensory 
nerve,  nerve  cell,  motor  nerve,  and  muscle  cell,  So  that  a  fairly 
logical  term  might  be  made  by  combining  Kleiuenberg's  and 
KorotnefTs,  n»d  speaking  of  epitholioneuro -muscle  cell;  hut, 
fortunately,  it  ia  unnccedsair  to  employ  any  such  cumbersome 
*  '  Anat.  ol'  lovcrt.  Animal^,'  p.  64. 
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term,  and  quite  sufficieot  to  speak  of  ectoderm  cell  with  con- 
tnctUe  process. 

The  mterstitial  tissue,  discorered  bjr  Kleinenbarg,  is  ^uite 
readilj  made  out  in  ali  parta  of  the  body  except  the  proximal 
end,  whore  nematocjrsta  are  also  absent.  It  is  not  mentioned  by 
Korotseff,  and,  iade<d,  ita  existence  would  be  itfapossiblu  if  tlie 
lam  ectoderm  cella  hud  the  shape  dcscrilK^d  by  him. 

I  have  found  no  interstitial  cells  in  the  tentacles;  thiji  would 
seem  to  show  thai  the  ordinary  ectoderm  cells  may  also  be  the 
mother  cetla  of  the  ncmatocysts.  The  ectoderm  cells  of  the 
tentacles  also  differ  from  those  of  the  body  from  the  fact  that 
their  naclei  are  non-nuclvolatc,  resembling,  indeed,  Uie  nucleoli 
of  the  body-cclls,  rather  than  their  nuclei. 

2.  TAe  Supporting  Lamella. — This  structure  is  clearly  distin- 
guished by  Schulze  and  by  KorotneB*,  the  latter  of  whom,  how- 
ever, figures  it^  as  almost  oqua!  in  thickness  to  the  diameter  of 
an.  ectoderm  cell  I  KJeiuenberg  states  that  the  muscular  pro- 
oeates  are  imbedded  in  a  structureless  cemcDting  substance,  and 
that  this,  continued  beyond  the  muscular  layer  on  the  cndoderm 
aide,  forma  a  layer — the  "  StiitzlameUe"  of  lleichert — which  can 
sometimes  be  obtained  as  a  separuto  structure. 

This  description  by  no  means  expresses  the  distinctncM  of  the 
mpporting  lamella.  In  specimens  preserved  in  osmic  acid  or 
•mmonium  bichromate,  without  subsequ'ent  treatment  with  alcohol, 
it  is  easy,  by  teasing  with  lioe  needlea,  to  detach  sliteds  of  con- 
siderable extent>  more  or  less  free  from  attached  muscular  fibrils 
and  from  cells  of  the  interstitial  tissue. 

3.  Tk4  £adod€rm. — ^The  ciliation  of  the  endoderm  is  a  question 
aboat  which  there  has  been  a  good  deal  of  discussion.  Scbluze 
figures  a  single  flagellam  to  each  cell»  as  seen  in  optical  section 
of  the  tentacle.  Kleiueuberg  was  unable  to  demonstrate  the 
existence  of  flagella  in  the  uninjured  animal,  or  in  presen'ed 
Bpccimeos,  bat  in  transverse  sections  of  the  living  animal  be  ob- 
served om  or  two  cilia  in  connection  with  more  or  fewer  of  the 
cells,  and  noticed  that  they  were  not  fixed  structures,  but  were 
occasionally  retracted,  and  then  protruded  again,  the  cells  at  the 
tame  time  sending  out  pseudouodial  processes. 

It  is  quite  easy  to  con&rm  this  observation ;  the  slow  lashing 
movemeat  of  the  llagelliform  cilia  their  continual  disappearance 
and  reappearance  in  fresh  places  can  be  made  out  without  ditll- 
culty.  But  the  best  notion  of  the  characters  and  relation  of  the 
cilia  is  obtained  by  teasiiiu  out,  or,  still  betterj  by  cutting  thin 
sections  of  osmic  acid  specimens.  Sach  preparations  quite  lead 
one  to  think  that  the  endoderm  is  ciliated  throughout ;  in  the 
sections  particularly  cell  after  cell  is  seen  bearing  one,  two,  or 
'  Loc.  cit.,  pi,  13,  fig.  8. 
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ttntte  as  lotif^  aa  the  crlls  to  vliicn  tlicT  ate  aLtacbed;  in  some 
cases,  indeed,  tbejr  are  longer.  I  hare  neter  «e«n  anything  like 
a  "  collar"  at  the  baac  of  aor  of  the  cilia. 

The  amffiboid  character  of  the  cndoderm  cells,  as  seen  in  sec 
tions  or  teased  fragments  of  the  living  auiiual,  is  a  well-known 
fact;  bat  the  extent  and  activity  of  the  omoiboid  movements 
during  life  has  not  been  sutlici^-ntly  insisted  on.  In  sections  of 
picric  acid  or  ammoDic  bichromate  apeciinens,  large  rounded 

Sseudopodia  are  seen  to  be  given  olf  from  the  cells  into  tho 
igestive  cavitv^  sometimes  to  such  an  extent  as  completely  to 
obUtente  the  latter.  The  length  of  the  celts  may,  tUerefore, 
vary  almost  indefinitely ;  they  may  be  but  little  longer  than  the 
ectoderm  cells,  or  may  be  two  or  three  limes  as  long.  This  va- 
riation in  the  size  of  the  endoderm  ccdls,  and  the  consequent 
variation  in  the  diameter  of  tlic  digestive  cavity,  is  very  marked 
in  my  series  of  sections,  nearly  all  of  which  are  taken  from  larga 

Specimens,'  killed  in  a  state  of  half  extension.  When  the  cndo- 
erm  eells  are  fully  extended,  it  is  almost  impossible  to  obtain 
them  compkle  by  teasing.  They  nearly  always  break  across,  and 
can  only  be  obtained  in  a  fragmentary  condition. 

A  very  noticeable  point  about;  the  endoderm  cells  is  the 
presance  in  their  protopUsm,  specially  towards  the  far  end,  of 
dark-coloured  irregular  granules,  of  various  si^es.  It  has  been 
suggested  that  these-  are  products  of  excretion  :  Klcinenberg 
makes  the  imporlaut  observation  that  their  number  varies  with 
the  slate  of  nutrition  of  the  aciiiQal. 

I  am  convinced  that  these  bodies  are  food  particles,  taken  into 
the  protoplasm  of  the  cells,  from  the  partially  diaintegrnted  bodies 
of  the  Entomosiraca  in  the  digestive  cavity.  They  are  of  quit* 
the  same  nature  as  the  contents  of  the  alimentary  canal  in.  many 
of  the  common  Cladocera  and  Copepoda;  they  occur  chiefly  in 
the  free  end  of  the  crll,  and  in  some  cases  they  have  all  the  ap- 
piaranct;  of  being  half  iu  and  half  out  of  the  protoplasm.  The 
particles  of  the  more  transparent  parts  of  the  body  of  the  Crus- 
taceans will  naturally  not  be  so  evident  in  the  cell  protoplasm; 
even  these,  however,  can  be  made  out  in  a  U^dra  in  full  illges- 
tion,  when  the  endoderm  cells  of  the  distal  or  gastric  region  are 
completely  crammed  with  transptirent  spheroids. 

The  clearest  case  of  ingestion  of  solid  particles  was  seen  when 
a  diatom  was  seen  to  be  completely  imbcclded  in  the  protoplasm 
of  a  cell. 

If  this  explaoaliou  of  the  dark  granules  is  the  correct  one 
Hydra  will  have  been  shown  In  cxhiljit  a  process  of  nlimcntalion 
Identical  with  that  described  by  ^^etscllinkotT  in  the  lower  Ikfy 
*  Ij^uppliv^  by  Mr,  Bfihoa,  of  Birmingham. 
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heilaria  and  in  sponges.'  The  Russian  observer  describes  the 
complete  ublitention,  during  digestion,  of  the  digestive  cantr 
in  tlie  Turbcltarians,  and  uf  the  caoals  in  the  sponges ;  ana, 
in  the  former  as  well  as  the  tatter,  h(^  \\zft  nitdoumod  evidence 
of  the  actual  ingestion  of  solid  particles  by  the  endoderm 
cells. 

It  TOttld  seem,  therefore,  that  Ilt/dra  addd  another  instance 
to  the  two  already  brought  forward  by  Uvtschinkoff,  of  a  Meta- 
Roon  exhibiting  what  is  uannlij  considered  to  be  a  ilistjnctivoly 
Protozoan  mode  of  dige?tion.  It  is  quite  possible  tliat  a  prc- 
I  limiuarj  disiutegralion  of  the  animali>  taken  in  is  performed  by 
;  jnioes  secreted  by  the  endoderm  cells,  but  the  final  djgealion 
•eems  to  take  place  in  the  actual  protoplasm  of  the  cells,  into 
which  the  food  articles  are  taken  in  the  sohd  form. 

Tlie  endoderm  cells  of  the  tentacles  resemble  those  of  the 
proiimal  end  of  the  body  in  postcssing  large  vacuoles.  Their 
uurlvi  ore  in  some  instances,  altliuuglt  not  constantly,  simple 
and  non-nucleoIa(e  like  those  of  the  ectoderm  cells  from  the 
same  region. 

Finally,  1  have  been  able  fully  to  confirm  Professor  Huxley's 
statement*  as  to  the  presence  of  nematocysts  in  the  endoderm 
(fig.  1,  n),  a  statement  which,  ns  far  as  I  am  aware,  has  not 
been  made,  with  regard  to  Hydra,  by  any  other  writer  on  the 
anbject.  This  fact  is,  like  the  absence  of  interstitial  tissue  in 
the  tentacles,  an  argument  against  Kleiuenberg's  view  that  the 
tissue  \&  the  sole  source  of  the  nemntocyets. 

4.  Methods. — for  sections,  the  Hydra  were  either  killed  with 
hot  water,  and  placed  iit  Kletnenberg's  picric  acid  for  two  hours, 
or  were  placed  alive  in  ammonic  bichromate,  1  per  cent. — which 
always  tills  them  in  the  half  extended  condition — and  kept  in  it 
for  two  or  three  day*.  In  either  case  tltey  were  afterwards 
iransfcrred  to  50  per  cent,  alcohol,  and  then  placed  successively 
in  73  per  cent.,  90  per  cent.,  and  absolute  alcohol.  The  speci- 
mens were  stained  either  ivitb  carmine  or  picrocacminc,  and 
imbedded  in  cacao  butter,  after  soaking  for  a  short  time  first  in, 
oil  of  cloves  and  then  in  melted  cacno  butter.  By  this  means 
they  became  so  thoroughly  pevmeated  with  the  imbedding 
material  that  they  could  be  cut  without  the  loss  of  a  ainglc 
section ;  even  longitudinal  sections  of  the  tentacles  could  be 
made  with  ease. 

For  teasing  1  employed  aramonic  bichromate,  acetic  acid  (0'5 

■  '  ZooL  Anzeager,'  Bd.  I.  (]{j78),  p.  3k7,  and  '  Zeitdch.  f.  wiss.  Zool.,' 
Bd.  xxxii  (1879).  It  seed  hardly  be  said  thnt  the  above  view  onbc 
physiology  of  digention  in  Hydra  was  surgeated  bj  these  papH:!ra  of  Metj. 
cbinkofPa. 

'  Huxley  and  Martin, '  liteaieutary  Biology,'  p,  100. 
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2%e  Orthonectida,  a  New  Class  of  the  Fuxluu  of  f/*« 
Worms.'  By  At.frrd  Giabd,  Professor  in  the  Faculty 
of  Sciences  of  Li  lie.     Wilh  Plate  XXII. 

In  1868,  in  an  Interesting  memoir*  on  the  marine  Plsna- 
rians  of  St.  Mnlo,  Keferstoiii  figures  nn  animal  irhich  he 
designates  by  the  name  "  problematic  par&sLte."  The  ex- 
planation of  the  plate  (plate  ii,  fig.  8^  indicates  that  thie 
parasite  has  been  found  icrcral  times,  and  often  in  great 
quantity,  in  the  digestive  tube  of  the  Tcemellaria  {Lepto- 
plana  tremeJlaria).  The  text  gives  us  no  information  as  to 
this  curious  organism,  and  it  is  chiefly  by  means  of  the 
rather  rough  figure  of  the  second  plate  of  Kerferstein's  work 
that  we  are  led  to  refer  it  to  the  group  which  we  are  about 
to  stadj. 

Macintosh,  in  his  beautiful  monograph  of  the  British 
Nemerteans,  publiflhed  in  1874,'  recalla  the  observation  of 
Kefeistein  in  reference  to  a  parasite  which  he  met  with  in 
Lineu$  gesscrensis  (^Nemertes  communis  of  P.  J.  Van 
Rencdcn),  and  concerning  which  he  gives  the  following 
details,  accompanied  by  a  few  drawings : 

"  Another  curious  parasite  is  found  burrowing  in  the  \ioAj- 
v/n\\  of  Lineus  gefsennsis,  its  presence  being  readily  recog- 
nised by  tlie  perforated  and  honeycombed  appearnuce  of  the 
dorsum  of  the  affected  animal,  whose  textures  seem  to  be  the 
seat  of  the  workings  of  a  microscopic  Tomicua  typographicus. 
When  highly  magnified,  the  affected  region  appears  to  be 
covered  with  a  vast  network  of  pale,  minutely  granular 
channels,  which  contain  numerous  opaque,  ovoid,  granular 
masses. 

"  On  rupturing  the  body  of  the  worm  a  large  number  of 
the  peculiar  structures  (plate  xviii,  fig.  17)  slide  out  of  the 
chanDcl6,aad  swim  through  the  surrounding  water,  generally, 
though  not  always,  with  the  upper  end  (in  the  figure)  first. 
Exleraally  they  are  coated  with  long  cilia,  whose  activity  in 
the  free  state  is  of  somewhat  short  duration,  for  after  a  time 
the  animals  remain  quiet,  and  they  drop  off.    The  body  is 

>  This  memoir  bu  been  correctsd  and  new  matter,  including  pre- 
Tiowly  unpablished  Ggur«>,  h&s  been  ni.ldcd  by  Professor  Uiard  to  tbe 
origioal  memoir,  which  appeared  in  '  Robin  and  Ponohct'i  JouraaJ,'  foe 
tbs  msent  {tublicatioD. 

'  Kcfuntein,  *Beitriig«  xur  Anstomie  tuid  Entwickel.  einiger  i>ee* 
planarien,'  Gottinren,  1868. 

*  '  A  MunograpTi  of  tbe  iJritUh  Annelida,'  pu-t  i,  Raj  iSocietj,  p.  Xt9, 
and  pi.  xviii,  figs,  17, 18,  19. 
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dislinctty  ft«gmeul(^>l,  sud  upen  tltgbtljr  towanlB  the 
tetior  iiu<l ;  «htle  the  surface  u  marked  by  very  fine  loogito- 
dioal  striK,  u  ID  Opalina,  though  io  m  much  more  mitiuu 
d«gre«.     Antenorly  i*  a  conical  portion  (a),  composed  of 
thne  rather  indistioctly  marked   scgaeuts.     Two  evident 
Ronuli  (6)  nicceed,  the  poaiehor  part  of  the  last  being  nar- 
rowed, so  as  to  cause  a  coTutriction  of  the  bodf-wall.     Be- 
hind are  six  nearly  eqaal  divisions  (c),  each  often  appearing, 
double,  that  is,  has  a  broad  anterior  and  a  narrow  poste 
annulu*.     The  posterior  region  (</}  contUts  of  thrre  ind 
linct  tegmenta.     The  body  is  minutely  granular  throughout, 
nnd  an  lutemal  cavity  is  apparent  from  the  fourth  segment 
to  the  last,  commencitij;  in  the  former  by  a  rounded  end,  and 
irnninating  just  within  tbtr  bonier  of  the  latter.     No  aper- 
ture ia  observed  at  either  end.    The  opaque,  ovoid,  granular 
bodies  (plate  vriii,  fig.  IS),  scattered  profusely  throughout 
the  infected   portions    of  the   Lineus,   are  evidently  early 
ttagw  in  the  ilwrlopment  of  tliis  species,  and  they,  too,  arti 
dUaied.     On  suhjeciiog  them  to  gentle  pressure  (fig.  19), 
trn))svi>r«e  segmenlntion  isapparentj  the  number  of  segments 
varying  according  to  the  degree  of  advancement.     Thepara- 
•iuc  are  very  delicate  structures,  and  in  the  fiee  slate  soon 
br«Ak  up  into  cells  aud  granules,  after  discarding  their  citia, 
as   above   mentioned.     Transverse   section   of  the  affected 
show*  that  they  occur  both  in  the  skin  and  iu  the 


worms  siiow^  mat  iney  occur  notn  m 
walls  of  the  digestive  tract,  their  ravages  in  the  pigmentary 
layer  of  the  former  tissue  causing  the  curious  appearances 
which  1<^1  to  their  detection.  It  is  n  somewhat  difficult 
{Kiint  to  determine  whether  the  skin,  muscles  of  the  body- 
wnll,  or  digestive  cnnat,  constitute  the  common  area  of  this 
prealuro's  depredations,  whether  it  is  piercing  the  former  on 
its  Wfty  lo  ihtf  sutfnce,  or  passing  to  the  alimentary  cavity  to 
be  voideil  per  annm.  The  cbnracteristicnlly  segnientod  con- 
ditlou  of  the  mnture  sijccimens  and  their  internal  structure 
pxhihit  A  higher  type  of  organisation  than  the  ordinary 
Opalina.  Professor  Kefcrstciu  found  a  very  similar  parasite 
\i\  the  stomach  of  Lrftioplit»n  trrmeUarit,  but  he  did  not 
dcictibe  it  f-.irtber  than  simply  mention,  under  the  esplana- 
tton  of  the  plate,  that  it  is  an  enigmatical  structure.  The 
o«)ilri<  of  the  body  is  occupied  by  a  double  row  of  Urge  cells 
lu  his  figure." 

Huoh  are  the  detuils,  oortainlT  rather  incomplete,  it  mtiat 
bit  co«ec<lcd,   which  we  have  been  able  to  find  iu  earlier 
wrtlrrs    tiiuehiiig    tlic    curious    animals    which    we    have 
d«ttUMitird  by  ibe  natno  of  OKTitONBCTTtDA.' 
'   I  Ws  ttublislisil  lo  ibff '  Compiui  Rendiu  da  I'AcadJmie  des  Scicnoes^ 
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II. — SPECtxs  Observed. 

I  have  hsil  the  opportunity  of  studying  the  species  dis- 
covered by  MacIiitOBh.  Lineut  yesserensis  is  very  common 
at  WimereuXj  as  also  its  variety  Linetis  sanguineus,  unili^r 
stones,  in  oozy  spots,  which  are  accessible  every  day  even 
during  the  ueap  tides. 

My  attention  was  drawn  to  the  parasite  of  this  species,  a 
rare  one,  on  the  ivholc,  by  my  pupil  and  friend,  J.  Barrois, 
at  the  time  when  lie  wjis  preparing  in  our  laboratory  bis 
work  on  the  Nemerieaiis.  lint  I  could  then,  in  the  absence 
of  sufficient  material,  do  no  more  than  verify  a  part  of  the 
observations  ofSIacIntosb.and  rectify  certain  errors  committed 
hy  this  eminent  zoologist,  as  I  shall  point  out  further  on. 

Ill  vain  I  have  sought,  on  several  octasions,  for  the  para- 
site discovered  by  Keferstein  in  Lep{oplana  iremcUan's ; 
and  yet  this  PUnarian  is  excessively  common  at  Winierenx, 
in  very  nearly  ihe  same  spots  as  Litieua  (/eiserensis.  Paul 
Hallez,  Demonstrator  in  the  Faculty  of  (sciences  at  Lille, 
n'bo  has  dissected  numerous  example!}  of  Leploplana,  hits 
bad  no  better  luck  thnn  I  in  this  search. 

A  happy  chance  mnde  me  acquainted,  in  1877,  with  two 
new  species  of  Orthoneetida,  which  I  hnvc  been  able  since 
to  obtain  in  sulHcient  abundance  to  make  a  nearly  complete 
study  of  ihem,  although  aome  gaps  still  remain  to  be 
filled  up. 

During  the  autumn  of  1B77  I  had  betaken  myself  to 
Wimcreux  in  order  to  study  the  embryogeny  of  a  species  of 
Ophiura  with  condensed  development.  I  hud  a  choice 
between  two  species,  Opkiothrix  fragiUs  and  Ophioconm 
neylecia,  both  equally  eoumun,  berniapluodtte,  and  vivi- 
parous. Reasons  of  nn  entirely  technical  nature  caused  me 
to  prefer  the  second.  In  opening  hundreds  of  Ophiocoma, 
to  extract  from  them  the  embryos,  I  discovered  two  species 
of  OnTiifiNECTiDA  which  have  enabled  me  to  undertake  the 
study  of  the  group,  lioth  are  excessively  abundant  in 
the  unimal  infested  by  them,  but  it  is  quite  a  rare  thing 
to  find  an  Ophiurid  thus  infested.  According  to  my  notes, 
each  species  may  be  found  once  among  about  eighty  speci- 
mens  of  Ophiurids,  so  that  one  has  the  chance  of  finding 
one  or  other  species  once  in  forty  specimens  dissected.' 

(!^e*nc«  dn  39,  Uctdbre,  1870),  a  sliort  prelinain&ry  notico  of  theu 
animals. 

'  Besidn  these  two  speciwi  of  OrtliotLocti<lii,  Ophiocoma  ne^ieQta  piescnts 
at  Wincreux  n  ccrtnin  number  nf  other  puaaitCA.  vhich  ac«  intcroting. 

1.  A  pretlj  Voniwilla  wiili  n  very  short  peduugle  ( ri^r/j'tW/a  o^^iMMhr, 
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mmm  sham,  wiUi  tad  «f  fiac  aenileB,  to  sepante 

lit  MnalnpiB  if  Ofhaoaaaa  ftan  &be  TeBtral  diac 

^  A»  bMcal  rhMK  oi  tW  ant.     Tbe  aainul 

1  uf  itt  doml  c^ik,  lad  toammtatij  of  its  digM- 

i<|«od»cdw  aiSU**  Inw  ■ncftUna  •evrral  days, 

mi  ««ft*M«  iMrgowxaQy  as  Uia«gh  no  uijury  had 

!■  iMTii^OMK  thm  feiiil  cooU,  in  order  to  fiirc«  out  the 
««br7>9^  tW  gfaki  tUp  «a  wUeb  i^  opcntaoo  m  betog  coo- 
4«e«rd  is  lyiliaii  seem  to  be  eonrcd  by  ansaU  white 
fl^M^  wbkb,  OA  eiimiimiKm  with  a  low  power  of  the 
MJMWOpe,  «M  •«»  to  be  animated  hj  i  Ta{nd  moTcnent  of 
kmilktioo  uk  a  stimigbK  tine,  which  is  hi^Iy  chsracteiistic. 

IWt  iaat*iwi>  oewBon  lo  all  the  speae*  of  this  group. 
Km  M  «•  to  sin  to  tbew  ac|aaisas  the  naiw  of  Onho. 
lMC«idft>  Ttwee  agik  licUe  asiaak  »— mMu  Urge  ciliated 
iftHlwrift  oCa  |«t«tUuio«s  aspeci  aad  a  gensially  crliadhcal 
|bni<  A  wrtain  nunbcTr  howrrvr,  hare  a  sonevhai  shorter 
kitWk  itWdtuUplT  OTUid,  and  more  more  slowly. 

Itt  lh«  oat  lOm  M  tb«  Other  they  are  simple  Planmimy 

MKVlvbUh  W  itoad  «Mi  M  lbs  nwssf  fowv  indrndiuls  Kill 
«iMirfai  ibaMMnMl  lMibiM7  ro«oh  (vvT  eoMoo). 

a.  A  <vf«|MHt  CTMiSiciM  of  Iks  &Mh  flf  lh«  KigMilliila.  or  tMhsr 
,\f  •  «lnliN%'(  iViMili  tiff'wi^  lb*  ■— Bfewfam  J  an' is.  Ab  tvvs- 
MWMA.  wItwA  u  t*>^  •^  rmUid  vbh  hMked  fab^  ■Hiffcffli  bMlf 
Hlh*kr«l«flhtOrhfauMtol««Balb»tewaM.  Ilfvodb  tW  fenaof 
&s  mMtMM.  By  4  TC17  aatwml  iMffeistina.  I  wmt  b  PMmioftk 
£i^  aU  1  «Mtnl«  Ihb  MNMls  U  Ibt  ftv-^ba  to  M.  Emile  Bfao. 
fbiint,  «>•«'  («<K>tM«  «i  ibi  IfiHsan  of  Ibrb  tha  hbtoty  of  ibt  Artkro. 
«nmI*  ttit''  t^ihirit«|Mb  b  Tsn  rars. 
4  A  »m*^w  I'lib  aaaiMI  rf Um  ywn  %fciirrfortt».  which  pnmOM 
WM  ivIalittM  n  OwlanonMn  vhkh  ftiniFiiM  AgMrtfini  don  ■» 
«WMl.  1  *UU  «•»  fl  »liiAri.  0hi9b.  dcaintoK  it 
.1  INvAwor  ar  ih*  unlftmity  of  Hsrt>ars-  Abont  od« 
<u>«»  lurN'Kn  ft  J^ilsriJiw. 
htl  ilMH  ytVtotM  ^  OpItioeMM  vUt  bfl  itodM  ia  dettU  in  1  ^Mebl 
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that  is  to  say,  organisms  ccmposed  fundanieutaUy  by  two 
layers  of  cells,  the  one  within  the  other — an  ectoderm  or 
external  layer  of  cells,  which  are  mostly  ciliated,  and  an 
endodermconsiituLed  by  larger  cells/which  are  more  granular, 
and  form  the  lining  of  a  central  cavity  devoid  of  either  mouth 
or  auuit. 

The  first  ring  terminates  in  a  blunt  cone  anteriorly,  which 
carries  a  bunch  of  stiff  cilia.  It  is  followed  by  a  cylin- 
drical ring  of  the  same  length,  the  whole  surface  of  which  is 
beset  with  papilla;,  which  arc  disposed  in  eight  or  ten  longi- 
tudinal lines  and  in  four  or  five  transverse  series  ;  lhii>  ring 
18  the  sole  part  of  the  body  which  does  not  present  vibratile 
cilia. 

The  third  ring  is  larger  by  iuelf  than  the  two  first 
together ;  it  gradually  widens  towards  its  posterior  ex- 
tremity. 

The  fourth  metamere  is  of  the  same  dimensions  a«  the 
jiupUliferous  ring ;  it  la  followed  by  a  terminal  ring  provided 
with  longer  cilia,  forming  u  brush  at  its  posterior  extremity. 
This  last  ring  is  conical  and  subdivided  into  two  metameres, 
less  distinct  than  those  in  front. 

The  last  rings  form  a  sort  of  club,  with  which  the  animal 
strikes  the  water,  independently  of  the  movement  of  the 
cilia,  giving  sharp  furukes,  which  one  is  immediately  led  to 
attribute  to  the  contraction  of  muscular  elements.  We 
ahall  point  out  below  where  these  elements  occur. 

Such  is  the  elongated  variety.  The  ovoid  variety  differs 
from  it  only  by  being  a  third  less  in  length  and  a  greater 
breadth.  It  seems,  at  first  sight,  as  though  it  had  been 
derived  from  the  former  by  a  contraction  along  the  long 
axis  ;  but  it  is  easy  to  assure  one's  self  that  this  is  not  the 
case,  and  that  it  is,  on  the  contrary,  the  elongated  form 
which  is  the  ultimate  condition  of  the  ovoid  form,  which 
Utter  is  only  the  final  embryonic  phase  of  the  animal. 

For  a  more  complete  study  of  the  anatomy  of  Ithopalura 
it  is  necessary  to  employ  very  high  magnifying  power,  the 
objective  6  of  Verick,or  better,  the  objectif  9  (immersion)  of 
Ilartnack. 

The  ectodermal  cells  then  appear  very  distinctly,  except 
in  the  papilliferous  zone  where  it  is  very  difficult  to  deter- 
mine their  number  and  form.  Ail  the  other  metameres  are 
made  up  by  a  single  transverse  row  of  cells,  and  the  differ- 
ence in  the  length  of  the  metameres  depends  entirely  on  the 
difference  in  the  length  of  the  cellular  elements  which  com- 
pose it.  The  terminal  rings  are  formed  entirely  by  four 
C«U«,  a«  in  the  Dicyemida,  the  median  rings  comprise  six  or 


eight  cells;  it  ti  very  dilficult  to  oonnt  with  exaetitu^, 
■not  opticsl  sections  rarely  pment  themseWct,  and  it  h 
impMBble  to  make  ffsJ  seciions. 

Tlie  ectodennal  cells  present  very  long  and  Tery  detue 
etlia.  By  using  osmic  Kid,  fuUuwed  by  picrocanntfie,  it  is 
easy  to  presc^rve  the  ectoderm  with  its  clothing  of  cilia. 
PrepsratioDs  made  a  year  ago  gire  at  this  day  an  excellent 
idea  of  the  Uviug  auiraal.^ 

The  endoderm  is  primitiTely  formed  of  larger  cells  than 
those  of  the  ectoderm,  but  they  uodeigo  in  the  adult  a  rery 
singnlat  moditicatiou.  Tbe  vihole  of  this  layer  forme  aa 
OTal  sac,  the  aiiicrior  cxirfmity  of  which  is  bidden  by  the 
papiltiferous  ring,  and  extends  from  the  penultimate  tneta- 
mere  until  it  is  inserted,  in  the  form  of  a  sort  of  pedicle, 
between  the  four  terminal  ectodermal  cells  (Plate  XXII, 
figs.  S  and  4).  The  swollen  part  of  the  endodermal  aac 
presents,  when  examined  with  the  immersion  lens,  fine  mu5> 
cular  bands  disposed  in  a  finely  granular  matritj  and  recall- 
ing the  appearance  of  the  endodermic  muscular  layer  of 
certain  neraatoids. 

I  do  not  believe  that  these  muscular  elements  are  derived 
from  the  bodily  transformation  of  certain  endodermal  Cells ; 
I  consider  ihem  rather  as  a  ^ar(  only  ofsuch  cells,  which  are 
thus  called  upon  to  play  a  double  physiological  rdlc.  They 
Would  thus  be  analogous  to  the  epitbelio-muscular  cells 
described  by  Korotiieff  in  Hydra,  but  with  this  ditTerence, 
that  in  the  present  case  it  is  the  external  part  of  the  cell 
which  become*  muscular,  the  internal  part  remaining 
epithelial. 

I  would  draw  the  attention  of  histologists,  more  skilled 
than  1  am  in  technical  methods,  to  this  very  delicate  point. 
The  question  involved  is  one  worthy  of  their  skill. 

Metschnikoff  has  recently  put  forward  the  opinion  that 
the  striated  hands  are  formed  by  the  tails  of  spcrmatozoB^ 
the  entire  endoderm  being  nothing  but  a  teeticular  gland.* 

I  am  quite  unable  at  present  to  accept  the  opinion  of  my 
learned  opponent.  These  bands  are  chiefly  visible  in  young 
indiviiluuh;  their  number  is  cunslanl;  i hey  are  always 
disposed  obliquely,  ns  1  have  figured  them,  on  an  ovoid 
endoderm ;  and  this  disposition  is  not,  as  I  had  at  first 
8U])iH)sed,  the  result  of  an  accidental  torsion.  On  changing 
the  point  of   view,  the  continuation  of  the   spiral  is  seen 

>  (  have  kIiowd  tlicsc  nrcpKrationi  to  various  persons,  and  s|)«oiiiU]' 
to  Dr.  MadeoJ,  of  tL«  University  of  Gkcnt,  wlio  »j;t:iit  u  few  days  at 
Wimeri?ux  duiiug  liut  April. 

* '  Zoologucbvu  Anseiger,'  U,  No.  43,  p.  619. 
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on  the  other  eide  of  llie  body,  and  the  clear  iitlcrxpaces 
take  the  form  of  lozenges,  ju^t  as  one  se«8  eumcttmus  in 

looking'  through  cprtain  kinds  of  open  basket-work.  Finally, 
it  will  he  seen  bi'low,  tliat  I  have  aUo  found  these  elotncnta 
ill  Inioshia,  which  Metschinkolf  considers  as  the  female  form 
of  Khopaluni,  and  where,  consequently,  there  would  he  no 
sperrastozoa. 

Whatever  may  be  the  origin  of  these  muscular  elements^ 
they  unite,  as  I  hare  pointed  out  abore,  into  a  sort  of  fascicle 
at  the  terminal  part  of  the  adult  animals,  and  by  their 
contraction  give  rise  to  those  brut>iiue  iiiovemenU,  tliost) 
strokes  of  the  club-like  tail,  lo  wliich  the  name  Rhopalura 
hnft  reference. 

If  the  interpretation  above  given  is  admitted,  there 
vrould  not  be  in  the  Orthonectida  any  true  middle  layer,  hut 
only  a  splsnchno-pleural  pseudo-mesorierm,  comparable  lo 
ibe  fiomato-pleural  pseudo-iiiefioderin  of  the  Hydra. 

I  give  to  the  Iniatity  of  these  elements  the  name  o 
pseufta-metodcrm,  Ijecause  it  appears  to  ine  desir.ible  to 
reeetve  the  name  of  mcsoderni,  properly  mo  (.'allvd,  for  other 
structures  which  do  not  exist  in  the  Orthoneciida,  and  the 
liomology  of  which  in  the  various  groups  of  Metitxoa  is  very 
didicuU  to  establish. 

I  drsltnguish  : — (1)  a  solid  mettoderm,  formed  very  early  at 
the  expense  of  the  endodermit:  cells  of  the  embryo  (rudi- 
ment of  the  notochorrl  of  the  Tunieateu  and  of  the  VerlehraK>3j 
skelelo^nous  cells  of  the  embryo  of  Echinoderma,  meso- 
dermal cells  derived  from  the  four  first  spheres  of  the  endo- 
derni  of  Planarianp,  of  HoncLliu,  Hccordiiig  to  tlie  researches 
of  P.  Hallei  and  of  Spcnjjr-I,  &c.).  ('*)  Kcatitanj  mesodtrm 
formed  by  the  diverticula  of  the  eududerm  (enterocn>l»),  and 
appeAring  generally  at  a  later  epmdi  (aquiferouH  syiitem  of 
Eehinoderms,  enteroca-l  of  the  Tunicates,  of  ibe  Brachio- 
pods,  of  Sagitia,  of  Amphioxus,  &c.J,  The  solid  mesoderm 
gives  rise  chieBy  to  the  muscular  system  ;  the  cavitary  meso- 
derm forms  principally  the  vascular  organs. 

The  physiological  ruie  of  n  hieloLo^ical  element  has.  he  it 
noted,  only  n  secondary  importance  ft)r  the  determination  of 
phylogenelic  homologies,  A  muscular  element,  for  example, 
will  always  be  fortncd  at  that  point  nherc  it  is  needed, 
sometimes  in  a  rudiment  having  an  cndodermal  origin, 
sometimes  at  the  expense  of  ectodermic  elements  (Nemer- 
teans).  it  may  even  he  formed  by  a  mete  portion  of  a  cell 
(plastidule),  as  we  find  in  the  Infusoria,  in  the  Ccelentera, 
and  in  the  Orthonectida. 

The  interior  of  the  cndodcrmic  sac  is  filled,  in  certain 
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indivitluaU;  by  cellular  eletncntB,  which  give  rite  lo  the 
[fciiital  products.  I  am  at  a  losa  to  uuiltmttand  why 
Met*chnikuff  refuses  the  name  of  encliMlemi  to  a  cen-la3rer 
ivltich  Arises  absotutel)-  in  the  same  way  and  plays  precisely 
tlie  same  part  as  the  part  called  by  tbls  name  by  all  etnbrjo- 
legists  in  the  other  Metnioa. 

I  have  seen  in  Bome  Rhopalurae  a  cloud  of  agile  corpuscles 
issue  fiom  thu  siilea  of  the  body  between  (he  third  and  the 
fourth  metamerea.  Are  these  corpusclea  Bpermatozoa  ?  It 
was  not  possible  for  me  to  get  a  distinct  nution  of  their 
form,  and  I  also  am  unuble  loaHirm  the  presence  of  a  natural 
opening  at  this  spot  on  the  body.  It  is  possible  that  the 
speciineiK  which  presented  this  appearance  of  an  emission  of 
spermatozoa  were  really  the  victims  of  lacerations. 

IV. — Anatomy  of  Intorhia  oioas. 

The  second  species  of  Otthonectida  parasitic  in  OpAiocoma 
nefflecta  is  much  larger  than  lUiophatura.  Its  length  i«,  in 
fact,  two  and  a  half  times  that  of  the  latter.  1  name  it 
Intoshia  mgas. 

Intoshia  present*;  in  swimming  alternative  movements  of 
contraction  and  expauBion  in  a  transverse  direction.  It  does 
not  possess  a  papilliferoua  ring,  but  simply  a  ring  devoid  of 
cilia  in  its  place-  Tiie  body  is  of  a  more  regular  breadth 
and  less  tapering  at  the  two  extremities,  which  are  blunt 
points,  a  little  more  conical  than  in  the  Intothta  parasitic  in 
Neoierteaits  and  Planariana. 

I'urtlier,  the  anteriur  part  of  the  body  is  strongly  flattened 
in  Intoshia  gigaa,  ?inA  tlie  non-ciliated  Bcgmeni  presents  on 
its  inferior  face,  throughout  its  breadth,  a  transverse  groove 
of  some  depth,  so  that  the  profile  of  the  auimal  is  that  of  ^_ 
shoe  with  a  heel  to  it  (Plate  XXII,  fig.  3).  ^1 

The  metamcrisaiion  is  less  distinct  than  in  Hhopalura. 
After  the  cephalic  ring  niid  a  cervical  rinj;  corresponding  to 
the  papilliferoii8  ring  there  follow  three  metamcres  of  de- 
creasing breadth  (the  third  (7)  is  about  half  of  the  first  («), 
the  second  (3)  being  of  intermediate  dimensions).  To  these 
follows  a  ring  (S)  of  much  larger  size,  which  seems  some- 
times to  he  divided  into  three,  then  follow  two  very  small 
meiameres  (e  and  O.  which  have  about  the  same  length  as  y, 
and,  finally,  the  terminal  piece. 

The  variable  dimensions  of  these  metameres  is  no  longer 
related,  as  in   Jthopatura,    to   the   size   of  the    compound^ 

Each  raeiamcre  is,  in  fact,  foriued  by  several  rows  of  celwi^ 
the  cells  of  each  row  being  regularly  placed  orer  the  corre- 


TBR  OHtriONECTlDA. 


238 


I 


8 

I' 


sponding  cell  of  adjacent  rows,  so  as  to  form  a  longitudiual 
series.  It  is  to  ihts  disposition  that  the  longitudinal  stris 
obserred  by  Macintosh  are  due,  which  led  this  naturalitt 
to  approximate  the  parusites  of  LineuB  to  the  Opalinte. 

The  ring  a  contains  three  rows  of  celts,  the  ring  ^  com- 
prises two,  the  ring  -y  only  one,  and  the  others  only  one. 

Theectodermal  cells  oUnloahtayigtis  are, accordingly, much 
smaller  and  much  more  numerous  thitn  those  of  iihoptthtra. 
All  the  cells,  without  exception,  have  long  cilia.  The  head 
carrier,  as  in  Rhupulura,  a  bunch  uf  straight  cilia  directed 
forwards.  This  character  is,  in  fact,  common  to  all  knowa 
species  of  Orthonectida. 

i  The  eudoderm  forms  a  reffilarty  ovuid  sac,  constituted  in 
the  adult  animal  by  beautiful  polygonal  cells,  and  encloMng, 
in  its  interior,  other  cell»  of  a  rounded  shape,  more  or  le>a 
abundant. 

The  action  of  acetic  acid  is  such  as  to  detach  the  ectoderrn 
(PI.  XXII,  fig.  7],  and  then  brings  well  to  view  the  endo- 
dL-rroic  sac.  The  jerking  movements  of  the  caudal  part  are 
xnuch  less  energetic  in  Iiitoahia  than  in  Rhopalura.  Wa 
should,  therefore,  expect  to  Htiil  the  muscular  system  much 
reduced;  and  this  is  actually  the  case,  and  for  a  lung  time  I 
in  vain  endeavoured  to  see  the  muscular  hands  at  all.  I 
succeeded,  however,  last  summer  by  producing  a  gradual 
And  very  slight  compre>:>siun  of  ihe  animal  by  allowing  the 
water  to  evaporate  from  beneath  the  cover  glass.  The 
bands  were  rendered  visible  at  the  anterior  part  of  the 
body,  where  tlie  cndodcrmio  cells  liindor  ohscrvation  the 
least.  The  bands  have  the  same  oblti^ue  direction  as  iu 
Bhopalunu 

v. — GEMMirAROus  Rbproddction  of  thb  Obtiionbctida. 

The  oldest  individuals  of  Rhopalura  or  of  Intoshia  pre- 
sent a  considerahte    modification  uf  the    endodermal  cell- 

ayer.  The  celU  of  this  layer  are  no  longer  visible,  and  the 
eiitloderm   seems  formed   by  a    homogeneous    membrane  of 

ranular  aspect,  very  similar  to  certain  tissues  of  the  Nema- 
toids.  On  the  other  hand,  we  have  seen  that  the  ectoderm 
can  be  detached  in  these  animals  with  the  greatest  facility 
under  the  influence  of  reagents.  As  a  result  of  the  pro- 
liferation of  cellular  elements  in  the  interior  of  the  endo- 
dermal sac,  this  organ  swells,  bt-comes  t^pherical,  and  burst- 
ing the  ectoderm,  which  disappears,  it,  iraiisformed  into  a 
true  "  sporo-cyat "  (PI.  XXII,  figs.  14, 15,  IC  and  17).  In  the 
interior  of  the  sporocyst  are  seen  buds,  the  cellular  nature 
of  which  is  extremely  difficult  to  demonstrate.     The  same 
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S.  Tntoshia  leptoplana. — PamsUic  in  Leptoptana  trem^ 
larit.     Length  OlJd,  brendtb  0  03  mm. 

This  last  epecieH,  like  lUe  preceding,  is  rpgularly  cjrlin- 
dricxl,  and  rounded  at  the  extremities.  According  to  the 
figure  of  Keferstein,  it  presents  ten  metttmeres,  perfectly 
regular^  in  Mddition  to  the  cephalic  and  caudal  rings.  The 
endodbtm  appears  to  b«  formed  by  large  spherical  celU. 

The  general  form  of  the  body,  the  regularity  of  the 
Tni'tRtnerisfttioii  in  the  two  sjiccies  parasiijc  in  the  Nemerteaa 
and  the  I'lanarian,  lead  to  the  supposition  that  there  maj 
he  other  ditferentinl  cliHracters  present  in  theui,  which  would 
lend  ziKjhigists  probably  to  create  a  particular  genus  for 
these  two  types.  Snch  a  step  in  our  present  stale  of  know- 
ledge would,  it  appears  to  me,  he  superduous. 

Slctschnikiiff^  has  recenlly  described,  under  the  name  of 
JViopalura  GiardU,  a  new  sptcies  of  Orthonectida,  which  he 
bus  since  identified  with  lihopaiura  opbiocoma. 

This  species,  which  is  parasitic  in  Amphiura  tr/uamala, 
■was  found  ebundunily  at  tSpezzin.  It  presetita  itself  in  two 
different  forms,  which  Metschiiikoff  thinks  are  probably 
identical  with  Hhopalura  ophiocomtE  and  Intoshui  ytgaa, 
which,  according  to  him,  are  merely  the  male  and  female  of 
one  species. 

I  mii.sc  confess  that  this  idea  has  often  occurred  to  me 
during  my  researches,  and  I  do  not  entirely  give  it  up  even 
at  this  moment.  The  strongest  argument  in  its  favour  \n 
that  the  two  forma^  Inloshia  and  Rhopidiira,  exist  in  about 
the  same  nuaiitity  in  Opht'acoma  nctflecta  ;  and  that  it  would 
be  curious  lu  liud  iu  this  little  Upliiurid  two  different  repre- 
suniatives  of  a  group  so  rare  a^i  are  the  Orthoncctida.  At 
the  same  time,  the  difference  between  the  two  forms  is 
greater  than  I  had  at  iirst  supponed.  Further,  we  hare  uot 
elsewhere  any  example  of  an  animal  in  which  some  females 
produce  eggs,  giving  birth  to  males  exclusively,  and  others 
eggs  from  which  only  females  issue.  We  might,  perhaps, 
try  to  remove  the  difficulty  by  supposing  that,  in  one  or  the 
other  case,  there  was  parthenogenesis  (arreuoloky  or  thcly- 
toky]  ;  but  this  would  be,  at  present,  pure  hypothesis. 
However  this  may  be,  I  have  no  fundamental  ohjectioa  to 
such  a  mode  of  explaining  the  facts,  but  I  shall  wait  to 
make  up  my  mind  for  the  time  when  I  shall  have  found  in 
another  species  of  Inloshia  (Inioifiia  Unei,  for  instance)  an 
accompanying  form  analogous  to  lihopaiura. 

Without  doubt  sexual  differences,  such  as  exist  in  Bonellia 
vindiSf  and  in  other  worms,  such  as  Bilharzia  hasmatobia^ 
'  '  ZoologiKheD  Anzciger,'  II,  No.  40,  and  Ko.  43. 
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tre  of  a  nature  to  mak«  one  very  cautious  on  this  subject; 
but,  in  addition  to  the  special  characters  of  the  hi8toto|;ica1 
coDfttitution  of  the  cclotierm,  1  have  recently  observed  new 
facta  which  still  further  separate  Intothia  giija*  from  Rhopa- 
lura  opAioeoma. 

It  appears,  as  the  result  of  an  examination  of  many 
hundreds  of  adult  individuals,  that  Jntothia  giaas  never  has 
its  oon-ciliated  segment  provided  with  papilla;,  nor  even 
with  refringcnt  corpuscles.  The  "  refriogent  corpuscles"  of 
M.  Metsclinikoff  form  actual  projections  on  the  riug,  which 
I  call  the  "  papilliferoUB  ring*'  io  Khopalura.  It  must, 
then,  be  admitted  that  if  such  corpuscles  exist  in  the  sup- 
posed females  of  the  parasite  of  Amphiura  tqtutmata,  this 
parasite  belongs  to  a  new  species  (as  is  probable  enough  h 
priori),  and  that  the  sexual  dimorphism  is  less  accentuated 
iu  this  species  than  iu  the  other. 

VIII. — PlIYIvOOENT. 

With  reference  to  the  position  of  the  group  of  the  Ortho- 
neclida  on  the  genealogical  treeof  HOinials,  it  is  very  difficult 
to  make  a  dufiuitt;  statement.  But  there  is  no  doubt  that 
these  parasites  ought  to  be  attached  to  the  phylum  of  the 
Vemeiy  aod  take  tlieir  place  at  the  base  of  this  phylum  side 
by  side  with  the  Dicyemida.  The  phylum  of^  the  worms 
would  then,  according  CO  my  idea,  be  represented  by  the  fol- 
lowing diagram : 

CSSTOPA, 
TvaBKIXAILI,  TSMIUTOP*, 

I  I 


GuTBEOTaiCUA,  pBOTOBLMiaTIU,  DlCVaMlDA, 


OSTBOIIECni)!, 

Gutr»u]&. 
The  Orthonectida  must  occupy  in  this  scheme  an  inferior 
position  to  that  of  the  Dicyemida.  These  latter  are  evidently 
much  degenerated  by  parasitism.  Their  organisation  roust 
have  been  fonnerly  much  higher  than  it  is  to-day.  The 
epiderm  contains  very  clearly  (Dicyema  of  Sepia)  the  rod- 
like  bodies  characteristic  of  the  skin  of  the  Turbellaria,  and 
the  embryo  presents  a  very  coropicx  organ,  the  urna :  nothing 
of  this  sort  is  seen  in  the  Orthonectida.'  One  of  the  most 
K       *  See  on   "  Pjrcyemids,"     the    besutUul    meiaoir  of    Edouard  Vin 
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In  the  Ophiarids  with  coiideused  embryoj^eny,  llie  egg 
presents  an  enormous  nutritive  yelk,  and  the  mesoderm  is 
furmed  by  abbrefiation  nc  the  same  time  as  the  einluderm 
by  a  general  delamination  of  the  ectoderm,  which  leads  ui 
to  Mctschnikoff's  form  dubbed  Parenchymula.  This  I  havo 
established  most  clearly  iu  cases  of  Ophiocoma  ne^Uxta  aud 
Oph  iofhrix  JraffUia . 

It  is  clearly  impossible  for  me  to  discuss  here  the  im- 
pnrlaiit  questions  of  general  embryo}i«ny  which  are  raised  by 
the  study  of  the  Urthoncctida.  1  will  merely  s;iy  that, 
according  to  my  observations,  a  Isrf^e  number  of  calcareous 
and  siliceous  sponges  present  what  one  may  well  call  a 
biconvex  arckujastrula.  Quite  reccully  Keller  has  shown 
that  Chalinula  possesses  an  amphigaMruia.  Kuwaltvsky 
bas  described,  in  the  most  exuct  munuer,  the  existence  uThii 
archigaBtrula  in  a  variety  of  Actinia  mfsemf/rt/atithcmttin, 
ill  Cerennthus,  nnd  in  various  Medut^te.  I  am  able  to  confirm 
bis  statement  in  reference  to  Actinia  equina.  Finally,  Ed. 
van  Beneden  has  described  and  6gured  an  ampbigastrula 
in  the  Dicycmida,  so  closely  related  in  many  respects  tu  the 
Orlhonectida. 

These  examples  will  suffice,  I  think,  to  justify  my  opinion 
that  ihe  gastrula  by  invagiiiaiion  is  the  primitive  mode; 
the  gastrutn  by  delwuiiualiuii  [Planula  or  Parenchymuia)  a 
secondary  mode  of  embryonic  development. 

I  would  also  direct  aiiention  to  the  meianaerisation  which. 
is  so  remarkable  in  the  Orthoneetida. 

We  have  seen  that  this  melamerisation  only  affects  the 
ectodernij  and  I  believe  that  this  was  primitively  the  case 
also  in  the  Annelids.  What  proves  thisi  to  be  the  rase  is 
the  highly  differentiated  form  of  the  digestive  tube  of  the 
ChKtopods  in  which  metamerisatiun  is  only  well  mnrked  in 
those  organs  derived  from  the  ectoderm,  such  as  the  bristles, 
the  parapuclia,  and  the  segmental  urgariK  (nepliridta). 

It  is  obvious  enough  that  I  am  not  alluding  to  that  kind 
of  metanierisalion  which  is  observed  in  Sahnactna,  Syllit, 
&c.,  which  is  merely  the  result  of  gemmiparuus  reproduc- 
tion. This  last  kind  of  metamerisation  is  only  comparable 
to  what  one  finds  in  the  Cestoidea  aud  the  Rhabducwla. 
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The  Oiigin  of  the  Hed  Corpuscles  of  Mamm&lian  blood. — 
A  Rlep  forward  in  our  knowledge  or  this  subject  has  been  made 
by  Pfofp#9or  Rindfleisch,  of  Wur«burg.  As  he  justly  rriiiarka 
('  Arcbiv.  f.  mikro^k.  Anatomie,'  vol.  xvii,  August,  187'>>),  in 
the  inlrndnction  to  his  memoir,  "  not  a  won!  ia  iiwdcd  an  U>  (he 
OHftilness,  in  fact  the  necessity,  of  continually  renewed  re- 
afatclies  u  to  the  site  of  the  formation  of  the  btood  and  iUi  moda 
of  formation.  Who  amon^  na  does  not  fed  it  as  a  wound,  a 
painful  raw  in  his  scientilic  manhood  that  we  still  are  unable  to 
say  *  }/ere  and  Uiu  do  Ihn  red  blood -corpuscles  take  their 
ongin !'  "  Neumann  and  Bizzozero  deserve  the  amplest  recog- 
mtion  for  thvir  di«roverT  that  in  the  red  marrow  of  bones,  cells 
occur  with  reddiah-yelhiw  bomogt^ueous  protoptasni  and  well- 
marked  nncleus,  cells  which  accordingly  are  ideuttcal  with  the 
red  blood-cor|juscles  of  the  earliest  period  of  life.  These  obser- 
vations nrri  easy  t^  repeat  and  ara  fully  accepted  by  all  histolo- 
gtsts.  From  these  observations  we  know  elearly  tcAnre  besides 
ia  the  spleen,  we  liave  to  louk  for  the  great  factory  of  the  red 
blood -PorpiiseU-s. 

llirmittogcnesis  is  either  a  temporary  or  permanent  function 
of  certain  regions  of  tb«  coQaective-substunce  apparatus  of  the 
body,  which  for  this  pnrpasA  and  during  thla  penod  mien  into 
an  open  comronnieation  with  the  lumen  of  blood-vessels  either 
by  the  loss  of  their  proper  walls  on  the  part  of  the  CHpiltaries 
and  veins,  as  happens  in  the  bone-marrow  or  by  the  thinning  of 
their  walls  to  such  a  degree,  as  in  the  spleen,  that  the  unrestricted 
in-and-out  wandering  of  cells  becomes  possible.  The  hiemato- 
genouB  conncctive>tia8ue  becomes  a  sort  of  accessory  cavity  for 
the  lumen  of  the  blood- vascular  system.  In  this  cavity  hsemo- 
globin -containing  cells  aro  produced  by  the  conversion  of 
rolonrless  cells.  Professor  Rmdlleisch  comparea  the  process  of 
formation  of  ha;moglobin  iu  these  cells  to  thut  of  fut  in  fat- 
forming  con  nectivR-t  issue. 

Professor  Bindfleisch's  special  contribution  to  this  subject 
consists  in :  1st,  a  description  of  the  vascular  plexus  of  the 
marrow  of  mammalian  bones  which  he  has  succeeded  in  injecting 
(using  the  rib  of  a  young  guinea-pig)  and  of'  the  wall-le^s 
character  of  its  smaller  vessels,     ^ud,  and  of  greatest  import- 
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anoe,  an  answer  to  the  queslioD  "  How  do  the  nnc'eated  red 
corpuscles  of  the  red  baoe-marrowgiTc  riae  to  the  uoa-nucleated 
red  corjmsclca  of  the  blood  r" 

It  is  well  knrtwn  that  this  question  hits  always  l)een  anawered 
by  hypothesis  based  on  very  slendtir  foundation. 

The  old  view,  as  to  the  origin  of  the  red  blrHHJ-corpnsoles, 
was  that  the  nucleus  of  certain  colourless  corpuscles  became 
red  and  escaped  as  a  free  nucleus,  tbe  homogeneous  red  blood- 
oorpuBcle. 

Later  knowledge  as  to  tbc  red  coloration  of  the  whole  of  the 
inolher-cell  of  tbe  red  corpuscle  led  to  the  assuuiption  that  the 
nucleus  became  ntrophird  and  the  whole  citU  corvvt^rted  into  the 
DoQ'nuclratcd  n-d  corpuscle.  The  attempts  which  have  becD 
made  frum  time  Lu  time  during  tlio  past  few  years  to  delect  a 
nucleus  in  some  form  or  other  in  the  red  mammalian  corpuscle, 
point  to  a  foregone  conclusion  in  favour  of  this  total  cou- 
version. 

Professor  Rindfleisch  has,  however,  seen,  both  in  embryos  and 
more  advanced  iudividuals,  the  steps  in  the  transiformst ioii  of  the 
red-coloured  cell  of  the  marrow  iuto  the  nou-oucleated  red  cor- 
puscle which  demonstrate  that  tAe  uucteva  of  the  red  coloured 
cell  eteapet  and  a(rophifs  wkiUt  tht  body  of  the  cell  contraett 
and  becomes  ike  red  rorpuJtcle. 

He  gives  figures  of  the  red  cells  with  their  nuclei  in  the  act  of 
escaping,  lyiu^  just  ou  the  limit  of  tbe  cell-body  or  protruding 
from  or  cvim  hanging  by  a  mere  thread  to  the  latter.  Then 
beside  thrsc  he  has  seen  and  figures  the  freed  nucleus  and  tbe 
irregular  coUup»ed  coloured  body  of  the  cell,  which  will  soon  b« 
shaped  by  pressure  and  rolling  into  the  disc-form  of  the  circu- 
lating red  corpuscle. 

Prolesaor  Eindfleisch  has  endeavoured,  but  unaucccsafuUy,  to 
witness  under  his  onn  eyes  the  actual  extrusion  of  a  nucleus 
from  a  red  cell.  At  the  same  time  the  intermediate  series  of 
forms  observed  by  him  are  very  strong  evidence  in  favour  of  the 
view  which  be  takes. 

It  seems  also  that  Professor  Rindfleisch'a  view  is  supported  by 
certain  facts  of  comparative  anatomy  which  be  has  not  himself 
adduced  initsfavour.  In  the  Chietopodousami  ^oine  other  worma 
the  nuclei  of  the  vascular  walls  arc  often  loosened  and  float  in 
tbe  blood  as  corpuscles.  They  are  not  impreguated  by  hemo- 
globin but  the  plntima,  in  which  they  float,  is.  Whence  cornea 
the  bKinoglobio  of  the  plusma  ?  Clearly  the  cells  forming  the 
walls  of  the  vascular  system  iu  certain  regions  arc  in  the  Chie- 
topoda  as  in  Vcrtebrata,  haimatngrnoiis;  in  Ihem  na  in  Vertc- 
brata,  the  body  of  tbe  cell  forms  the  hiemoglobiii  which  in  this 
case  becomes  liquid  instead  of  retaining  the  form  of  a  corpascle. 
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and  at  tit  atwit  time  Ike  nttcUut  u  tfpar&Ud  from  the  h(tmo» 
glvHit'imnng  body  just  a$  it  is  in  tAe  Mummaiia,  but  here,  u  it 
do«s  not  thcKj  enters  iato  the  blootl  Ktream. 

Art  discussion  of  the  mode  and  significanc*  of  the  fornifltion 
of  Iiictnoglobin  in  the  roaininalian  blood,  ought  to  lake  cognizance 
of  the  hct  that  hsmogiobin  is  formed  in  the  blood  of  the  worms 
abore  noted,  m  Insect  Urvee,  Cru»t«c«a,  and  even  MoUu^Cf,  and 
furtbpr  that  vbiUt  it  usually  occurs  diffused  in  the  iilasma  of 
the  blood  it  dofR  occasionally,  as  in  the  Cha^lopods  Olycera  and 
Oapiteila,  llie  Mulluscs,  Solen  ti^umeo  and  Area,  »p.,  kc,  take 
tbe  (onn  uf  special  nucleated  corpuscles  dilTcHn^  from  and 
acoompanicd  bj  the  usual  atnoeboJd  colourless  corpiisclt-s :  also 
it  is  to  ti«  noted  that  just  as  fat  occurs  in  athrr  cells  than 
specialised  fat^cells  so  do  we  find  the  muscular  tissue  of  many 
Vcrtri»rate8andof»orncMolloscs(buconl  mas*)  impregnated  with 
hsmogloliiu.  And  even  in  one  Anuelid  (the  sea- mouse  Aphrodite) 
vc  h>vc  the  cells  of  the  nervous  (issue  so  rich  in  it,  that  tha 
nerve-cord  is  of  a  dfcp  crimson  colour  (see  '  Proc.  Roy.  Soc.,' 
No.  140,  m73).— E.  list  Lakkestkii. 

I.  Od  tbe  Uodo  in  which  Hydra  swallows  its  Prey.  By  M.  M. 
Uaktwi,  M.A.,  B.Sc.,F.L.S.,of  tlm  Owens  College,  Manchester. 
Tbe  current  idea  is  that  Hvdra  swallows  by  t-akiag  its  prey  in  its 
tentacles  and  turning  tinlacles  and  all  iuto  ii^  stomach.  How- 
ever, (he  fjart  played  by  the  tentacles  ceases  us  soon  as  tin;  ttumlh 
comes  in  contact  with  the  fuod.  The  hj'dra  theu  slowly  stretches 
itaelf  over  the  food  in  a  way  that  recalls  to  some  extent  the 
manner  in  which  a  serpent  "  get*  outside  "  its  prey^  or  in  which 
an  aatomatic  stocking  might  stretch  itxelf  im  to  (lie  footaud  leg. 
No  care  seems  to  be  taken,  however,  to  present  the  easiest  point 
for  deglutiduu,  and  an  Entomostracun  may  be  swallowed  side- 
ways, for  instance.  So  far  are  the  tentacles  from  co-oneraling 
in  the  act,  that  they  arc  usually  retlexed  away  from  the  food ; 
occasionally^  however,  they  arc  swung  forward  for  a  moment 
around  the  mass  as  if  to  ascertain  how  much  remains  to  be 
swallowed. 

If  the  nrcy  be  at  all  bulky,  immediately  after  the  whole  act  is 
completed  the  body  cavity  is  cverywhrre  filled  and  on  the  stretch 
bat  after  a  eliort  lapse  of  lime  the  body  contracts  forcibly  along 
the  long  axis,  bo  that  the  part  containing  the  food  ia  gkihular, 
supjiorted  on  a  slender  foot  and  with  a  slender  apical  process 
bearing  tbe  tcoiacles  arouiid  the  byptistome. 

U.  idditional  Bote  on  Hydra.  By  the  Same.  Since  mv  last 
note  1  thmk  1  have  found  ihi-  clue  to  the  false  idea  referred  to  A 
H>dr»  that  had  swallowed  a  morsel  larger  than  itself  disgorged'  as 
freqoejilly  observed,  on  my  atlnopiing  to  take  it  up  for  exami'im- 
lion.    On  findmg  it  half  an  hour  afUr,  three  of  its  teutaclua  were 
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iarned  inlo  its  digestive  cavity,  whence  they  wen  mceemvvij 
and  slowly  withdrswTi.  Aa  the  mouth  closet  but  alowlj  afttrr 
disgorging,  1  imagine  the  sw&llotring  them  to  have  been  acci> 
dental ;  and  a  similar  phenomenon  cnrelesaly  observed  may  well 
have  giveu  rise  to  a  false  interpretation. 

It  aoems  that  here  we  have  the  true  explanation  of  the  occa- 
nonal  presenoe  of  nematocviits  in  the  endoderm,  and  thin  ex|>la- 
nalion  my  friend,  Mr.  T.  J.  Parker,  is  now  inclined  to  acceiit. 
As  n^rds  Uie  absence  of  the  interstitial  cells  from  the  tenlacies 
of  Hydra  fiiara  I  aw  not  able  to  confirm  him ;  on  the  contrary, 
Ihey  are  present,  though  in  isolated  luitcbes,  and  not  forming  a 
continuous  network,  as  over  the  bodv.  I  Ond  the  best  way  to 
demoDslrate  three  is,  having  killed  a  Hydra  extended  on  a  slide 
by  letting  fall  a  drop  of  one  per  cent,  osmic  acid  on  it,  to  at 
oDce  waah  away  the  acid  by  a  fliiod  of  absolute  alcohol,  and  tlien 
after  a  {cw  minutes  to  stain  with  ammoniacal  carmine  or  picro- 
carmine.  If  the  Flydra  is  now  examined  in  glycirnne  under  a 
power  sufllciently  high  to  focus  successive  layers,  the  prescnoe  of 
interstitial  a-lU  can  be  made  out.  Oning  to  their  dispersion, 
the  want  of  them  in  a  section  becomes  very  slight  evidence  for 
thi'ir  ahscncn. 

m.  On  the  Anal  Keepiration  of  the  Copepoda.  By  the  Same. 
In  a  note  on  Cyi-lnpt  n'tid  at  the  liritish  Atsociation  I  pointed 
out  that  its  respiration  was  exclusively  anal.  I  have  now  made 
out  the  same  in  CantAoeamptua  (fam.  Hurpaetieiila),  and  Diap- 
lomut  (fam.  Calanida).  In  all  three  the  mechanism  is  the  same  ; 
at  regular  intervale,  after  the  backward  sway  of  the  inti'siine, 
the  anal  valvrs  open  for  an  imunt  and  then  close,  giving  juj>t 
time  for  a  slight  indraught  of  water  after  the  opening,  a  slight 
expulsion  at  the  close.  The  necessary  pressure  to  confine  the 
animal  9(>cm9  to  interfere  somewhat  with  tliwc  moremonts,  some- 
times stopping  them  if  excessive ;  hence  I  refrain  from  noting 
with  iiluBory  exauUicsa  the  intervals  between  each,  respiratory 
movement. 

It  is  to  be  notic4^(l  that  the  rectum  contains  as  a  rule  liquid 
only,  the  bolus  of  faices  remaining  in  it  but  a  short  time,  lly 
cndosmose  the  liquid  in  the  rNitum  will  tend  to  be  at  the 
same  condition  of  gaseous  saturation  as  the  boily  fluid  around 
it,  kept  constantly  agitated  by  the  backwards  and  forwards  sway 
of  the  stomach.  Ouring  the  short  interval  that  the  anus  U 
0[)en  an  approach  to  gaseous  equilibrium  with  the  external 
water  takes  [ilace,  even  despite  the  very  slight  movement  of  the 
water  (shown  by  the  littlti  change  of  place  undergone  by  sus- 
pended indigo  or  carmine  particles).  In  the  iibeence  of  any 
other  suiiable  respiratory  apparatus,  no  one  can  hesilate  as  (o  the 
function  of  the  action  I  have  deacribed. 
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nu  lame  of  Cfelap4  and  utaptomiu  ne  wtwking 
is  stightl;  differBnt.  The  rectum  is  a  Bubspberical  ma»caUr  uc, 
vhicb  ai  ngoUr  intervals  contracts  00  ss  to  leave  ■  linnr  cantjr 
(along  tb«  long  axis  of  the  animal),  and  iinmedUtcl)'  diUtei, 
BDckiug  up  tbe  water  frum  witUoat. 

Ad  anal  rcffpiratiun,  »uch  u  that  of  Cgdapt,  \%  found  widrJj 
amcMlg  Chutacea^^^rtn  those  which  have  well  developed  gilu 
tike  AtUtcM^t  which  is  one  of  the  highett  fotma.  It  ba»  been 
demonstrated  in  PijrUopoda  and  Cladoeera,  and  i»  probabljr 
the  exclosive  mode  in  LepUtdora,  as  nhown  bv  Weismann.  That 
it  IB  tlitrefure  primitive,  and  should  be  ex|>ected  to  occur  in  tbe 
primitive  or  at  lea^t  very  generalised  group  of  the  C./pefioila,  is 
an  obrioQs  deduction.  Mence  I  aniiripate  that  the  hnmoeonior- 
phic  xoaa  larvffi  of  tile  Ifeeapotia  wtU  prove  to  have  thi«  »am« 
mode  of  respiration. 

If  there  be  anv  connection  betveen  Botifers  and  XdiipliM,  it 
in  easy  to  make  out  the  origin  of  the  arrangement  in  the  Utter. 
The  ciliated  funnels  and  lateral  canals  of  tlie  formrr  can  only  be 
of  M-rvice  when  there  is  a  thin  aiichitinisrd  anterior  surface 
through  which  water  can  (ransuJe  into  (he  ccelom ;  b;  tbe  ex- 
tension of  chitinisalion  uvrr  tlic  whole  surface  these  organs  lose 
their  fanction  and  abort,  while  the  cloacal  "contractile  vc»icle  " 
tmkes  on  an  inspiratorj  as  as  well  as  an  expiratory  function,  and 
beoomea  more  or  lesj  confounded  with  the  rectum,  from  wh  ch 
probabljr,  even  in  Jlotifcrs,  it  takes  origin. 

Here  most  be  noticed  the  wide  diffusion  of  ana]  respiration  in 

aqaatie  Insect  larrte  (alternate  inspiration  and  expiration  bj  the 

pomping  movements  of  the  rectumj.     This   would  puint  to  a 

coiBBon  origin  with  Crustacea. 

K        A  list  of  tbe  groups  in  which  anal  respiration  is  made  out  may 

I  be  added. 

t      Dr.    G 


Fermea : 


Bciinodtrmata. 
Artkrofoda, 


Mollutca. 


lioli/era. 
Gephyrta. 
OUgochxto  Lmieota. 

HolothHToidea. 

Crmataeta  (general). 
Intecla  (most  aquatic  larvae). 


Denlnlinn. 

Dr.  0.  von  Koch's  Method  of  Preparing  Sectiona  of 
Corals. — When  working  at  the  strudure  of  corals  during  Ilie 
Challenger  expedition  I  found  very  grrat  difficulty  in  deler- 
mining  the  exact  relations  of  the  hard  lo  the  soft  parts.     It  is 
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|irocc»<  rrjilncrP  ihf  foimer  nroct-^s  when  the  li)poWa«t  cell* 
■re  CO  bulky  frtini  being  disteudotl  by  food-yolk  llial  ihctr 
invagination  ii  mivhAnically  impOMiblp. 


«» 


yjriS 


hy 


Flc.  3.— IViiJMwrir  Sedum  tknmgk  tkt  Onm  of  Swam  dmimfi  am 
tarft  itagt »/  Jertiopmt^t  to  *hom  liU  nature  of  ffuMir  iuMgxMalioit. 
(AfVer  Koiroleiitky.)  ep.  uptUail ;  mt.  metottluUo  bitiid:  ky.  bjpo- 
bluL 

Ttiere  are  varioua  ]ircultar  modificniioni  of  invaginntion 
which  cannot  be  dealt  with  in  detail. 

Invagination  in  one  form  or  other  occut»  in  some  or  aU 
the  members  of  the  foHowiiig  ({roups  : 

The  Dicyemidre,  Calcispoiigifls  {after  the   amphiblaslulit 
stage)  and  Silicispongiu;,  C-u:Ientt'rata,TurbellHria,  Nemertea,| 
Uotifera,  Mollusca,  Polyzoa,  Itrat-liioiKHla,  Chietopoda,  Dis- 
cujihora,  Gephyrea,  Chsciognathii,  NcmaCelminthes,   Crus-j 
tacea,  Kchiuodermata,  and  Chordata. 

The  gaatriila  of  the  Crustacea  is  peculiar,  as  is  also  that] 
of  many  of  the  Chordaia  (Bcpiilin,  Avcs,  Mamninlia),  butl 
there  It-  every  reason  to  suppose  that  the  gustrntie  of  ihesQi 
groiipt-  arr  ?timply  infKlificftiions  of  the  normal  tyjio. 

Z.  Belamlnatiou- — Thiee  types  of  deUniinatioii  may] 
be  dislinf^nishpd : 

a.  Delnmination  where  the  cells  of  a  solid  moruln  become 
divided  into  a  superficial  cpiblnst,  and  a  central  solid  mastl 
in  which    the  digestive    cavity    is  subsequently   holluwedi 
out  (fig.  4). 

5,  Delaininatiou  where  the  segmented  ovutii  has  the 
form  of  a  blastosphere,  the  cells  of  which  give  rise  by 
budding  to  scattered  cells  in  the  interior  of  the  vesicle, 
which,  though  they  may  at  first  form  a  solid  ninss,  finntly 
Rirange  themselves  in  the  form  of  a  definite  layer  around 
a  central  digestive  cavity  (tip.  5),  or,  in  the  CB^e  of  some 
8ponL!<'s,  »roun(l  several  cavities. 

c.  Dclaminntiot)  where  the  segmented  ovum  has  the  form 
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the  outer,  «id  che  walls  of  the  blutosphne  are  »o  iltvideil 
into  two  dittiuct  laycn*  (fi^.  ^). 

Althougbthe  (hinl  of  ibvM  prDcwsn  it  untmWy  regaided  as 
tbe  type  of  delaoiinntiMi,  ii  rioM  not,  so  far  a^  I  know, 
occur  in  nature,  but  is  mott  nearly  approached  in  Geryouia 
(fig.  6). 

Tbe  first  type  of  delnminalioTi  i«  found  in  tlie  Cemto* 
•pongiae,  some  6ilicispoiigte  (?),  hnd  in  mtuiy  Ifvilrozoa  and 
Actinozoa,  and  in  Nemertea  and  Nemateltmnines  {Oordi- 
oideaf).  Tbe  iflcond  type  occurs  in  many  Porifers  [Co/a- 
fpotiffite  (A4Gett4i),  Mt/xo$fon^ia'],  «ud  in  some  Ceelenierata, 
and  Brachiopoda  {Thecidium). 


&.. 


Tlfl.  6. — Diagramatic  Fismrt*  tiowing  the  Dtiamination  ftf  tim  JUtm 
cf  Geryoaia.  (Afltr  Fol.)  A.  Sugc  at  the  conmeuoemeat  of  tu 
dclamioatiaa ;  tue  dotted  lines  i>bow  tLe  course  of  tlic  next  planc3  of 
difiuoa.  B.  Sti£C  Ql  til*  close  of  ttic  tjclaaiiaklioii.  ».  MgauatatiOD 
csTilf :  m.  eadopuisin  ;  t.  ectoplasm. 

Delamination  and  invagiciation  arc  undoubtedly  the  tn-o 
most  frequent  modes  in  which  the  layers  are  differentiated,  but 
there  are  in  addition  several  others.  In  the  first  place  the 
whole  of  the  Trachcata  (with  the  apparent  exception  of  the 
Scorpion)  develop,  so  far  as  is  known,  on  n  plan  of  their 
own,  which  approaches  dclamination.  This  coneiets  in  the 
appearance  of  a  superficial  layer  of  cells  enclosing  a  central 
yolk  mass,  which  corresponds  to  tbe  hypoblast  (fig*.  7  and 
17).  This  mode  of  development  might  be  classed  under 
dciamiuation  were  it  not  for  the  fnctthat  the  early  develop- 
ment of  the  Crustflccfi  is  almost  the  same,  but  is  subsequently 
followed  by  an  invagination  (fig.  II},  which  apparently 
correaponda  to  the  normal  invagination  of  other  types. 
There  are  grounds  for  thinking  that  the  tracheate  ty]>e  of 
formation  of  the  epiblast  and  hypoblast  is  a  secondary 
modification  of  an  invajfinnte  type. 

Tbe  type  of  some  Tuibellaria  {Sti/tocojjsts  ponticus)  and 


that  of  Neptielis  ntnungst  the  Discophora  is  not  capable  of 
being  reduced  to  the  invagiiiatc  type. 


Ro,  7.:—Sfpmtt>talifin  and  Fonnaiiom  o/tiu  Blmtodem  im  ChtU/er.  (After 
MotacliiiilEoff.)  In  A  tliA  CI7IUU  ia  divided  into  a  number  of  scpar^e 
legincDU.  In  B  n  number  o£  tmall  cells  hftve  appeared  (£/.)■  wlilcb 
Fonu  ft  blutotlerm  ciirclopiii^  the  lurj^c  jrolk  ipherea.  In  C  the  blasto- 
derm bu  become  divided  into  two  Inyera. 

The  (leTelopineut  of  almost  all  the  parasitic  groups,  1.0.  the 
Trematoda.the  Ceslodu,  tUe  Aciinthocephala,  and  the  Lingua- 
tuliduj  and  also  of  tlio  Tardigradn,  Pyciiogoniila,  and  other 
minor  groups,  is  too  imperfectly  known  to  be  classed  with 
either  the  delaiuiuHle  ox  iuvngiuate  ty^es. 

It  will,  I  think,  he  conceded  on  all  sides  that,  if  any  of  the 
ontogeuetic  processes  by  ivhich  a  nastrula  form  is  reached  are 
repetitions  of  tliu  process  by  which  n  Etiiglu  Iwo-Iayered  gas- 
irula  was  actually  developed  from  a  compound  Protozoon, 
these  ptocel^$es  nre  mc»t  probably  either  iuvajjinutlou  or  de- 
laminatioii. 

The  mitch  dtsputL-d  qiicstions  which  have  been  raised  about 
ih«  gastrula  and  planula  theories,  originally  put  forward  by 
Hacckcl  and  Lankcster,  resolve  themselves  then  into  tlie 
single  <^ue&ticn,  uhcthcr  any,  and  if  bo  which,  of  the  onco- 
genetic proceMvs  by  which  the  ga^truU  is  formed  are  repc* 
tiiians  of  the  phylogeuctic  origin  of  the  gastrula. 

It  is  very  difficult  to  bring  forward  arguments  of  a  con- 
clusive kiud  tu  favour  of  either  of  these  processes.  The 
fact  that  delaminato  and  invaginatc  gastrula:  are  iu  several 
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itutanccs  found  coexisting  in  tb«  mbm  group  iviulen  it 
cerlVD  tliat  there  are  not  two  tBdependent  phjU  of  the 
Metuoa,  derived  respectively  froin  nn  invaginatc  and  a 
delaminate  gastruU.* 

The  four  most  importaot  cases  in  which  the  iwo  processes 
coexist  are  the  Purifviv,  the  CcsWnterata.ihe  NerntrrtetL,  und 
the  Brarhio[KHla.  In  the  cases  of  the  I'orif«ra  and  Carli-u- 
terata,  there  do  not  appear  to  me  to  be  any  neaus  of  decid- 
iug  which  of  these  proossses  is  derived  from  the  other  ;  but 
ill  the  Nemcrtea  and  the  Brachiopoda  the  case  u  diflercut. 
In  all  the  types  of  N'emertea  in  which  the  drvelupmeiit  is 
relatively  not  abbreviated  there  is  nn  invaginale  gaslrula, 
white  in  the  types  with  a  greatly  abbreviated  development 
there  is  a  delaminate  gastmla.  Ii  would  seem  to  follow  from 
this  that  a  delaminate  gaslrula  has  here  been  a  secondary 
result  of  an  abbreviation  in  the  development.  In  the  Unt< 
chio|>oda,  again,  the  majority  of  types  develop  by  a  process 
of  invagination,  while  'nu-cidium  appears  to  develop  by 
delamination  ;  here,  also,  the  dclamiiuite  type  would  appear 
to  be  secondarily  derived  from  the  invoginalc. 

If  thesu  cousideralions  arejustiHed,  detautination  must  be 
in  some  instances  secondarily  derived  from  invagiimiiun ; 
and  this  fact  is  so  far  an  argument  in  favour  of  the  more 
primitive  nature  of  invagination ;  though  it  by  no  means 
follows  that  invagination  contains  n  repetition  of  the  steps 
by  which  the  Metazoa  were  derived  from  the  Protozoa. 

It  dors  not,  therefore,  seem  possible  to  decide  conclusively 
in  favour  of  either  of  these  processes  by  a  comparison  of  the 
cafes  where  they  occur  in  the  same  groups. 

The  relative  frequency  of  the  two  processes  supplies  us 
with  another  possible  means  for  deciding  between  them  ;  and 
there  is  no  doubt  that  here  again  the  scale  inclines  towards 
invagination.  It  must,  however,  be  borue  in  miiiil  that  the 
frequency  of  the  process  of  invagination  admits  of  another 
possible  explanation.      There  is   a   continual    tendency  for 

'  It  is  not  dilBciilt  to  pialaro  s  pa»9ibte  dorivattea  of  delitminalion  from 
tDTHKinftlioD,  wlitlc  n  com^iamoii  of  the  foriiiRlion  of  tW  inner  Uyen 
(meiDblaat  aud  liypoblaat)  in  Asoolta  (ainoiigM  tlie  sp&iiecsj  and  in  the 
iGcliiiiodermatB  »liours  h  «crj  «impli;  vr&^  in  whicli  it  is  posaibie  to  conceivo 
of  a  pssaage  of  dclaininittioii  iiitu  invagiuatiuD.  in  A^cntta  tlic  ccUa,  wliich 
girs  rtae  to  tbo  mnublut  and  hjrpoblMt,  arc  budded  off  from  tbe  iitner  wall 
of  tite  biuto!i|iticric,  otpeoUlt;  at  one  point;  wbite  iu  Kchinodcrmata 
{Bg.  3)  tbcro  is  a  small  iovagiiuiled  sac  wtucU  Rincg  rise  to  (be  bjjioblN^t, 
wbile  from  the  walh  of  this  aac  ammboid  cells  arc  baili]i4  otT  vrbicit  ^ive  rise 
to  LUc  iDUoblasU  If  wo  supgiosc  Uio  bjpobliiet  cdls  budded  off  at  uuc  point 
in  Ascetta  gradiuilly  to  forni  an  inrsf^iiiatrd  sac,  wliile  tlie  nicsubliul  cvtts 
oontiimcd  lu  be  budded  oiT  iie  lioforc,  wo  sbouM  pnss  from  tbo  (Icisniinate 
Ijpeof  Aftcetta  to  l^  iuvaginatc  Ijpc  of  au  Ediiuodorni. 
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ibe  processes  of  develop titent  to  be  abbreviated  and  simpli- 
fiedj  and  it  is  quit/.'  possible  that  the  frequent  occurrotico 
of  iitvagiuatioD  is  due  to  the  fact  of  its  being,  in  most 
CHSGGj  the  sioiplest  means  by  which  i  he  two-layered  condition 
can  bie  reached.  But  this  argument  can  have  but  little  weight 
until  it  cau  be  sho^rn  that  invagiuation  is  a  simpler  [irocces 
than  delaniination. 

If  it  were  the  case  ihal  the  blsstopore  had  in  all  types 
the  same  relation  to  the  adult  mouth,  there  wouM  be  strong 
grounds  for  regarding  the  invaginate  gastrulu  as  an  ancestral 
form;  but  the  fact  that  this  is  by  no  initaris  so  is  an  argu- 
ment of  great  weight  in  favour  of  some  other  cxplanniion 
of  the  Ixei|uency  ul  iiivagiruitioii. 

The  forre  of  this  consideration  can  best  be  displayed  by  a 
short  summary  of  the  fnte  of  the  blastuporu  in  diiferent  form^. 

The  late  of  tlio  blastopore  is  so  variable  that  it  is  diJfi- 
cuU  even  to  classify  the  cases  which  have  been  described. 

Tbe  forms  which  have  been  classed  together  under  the 

I  (1)  It  become*  tlic  pcmiacent  mouth  in  Uic  foUowinj;  rorms  i^ 
CatieMlerata.—^i.'vii'Hii,  Ccccuiilhus. 
JMcUtiria. —  I.C{)topluna  (*),  Tlvjsauoioon. 
Ktrntrtta. — Piliiiiiim,  larvw  uf  tlie  tjpc  of  iJesor. 
Mifftwrrr  — '"  iiuuieroiu  examples  of    aiost    molLuscan  groiijis,  ex- 

cei>t  the  Cephalopoda. 
CkattpoAi. — Most  OLiffUobRtD,  nad  probaljl}*  maii;  i'uljcliicti. 
tiefk^rtA. — PbaMolosoma,  I'liorDois. 
HmottiiintAei. — CuculUnus, 
(8)  It  closM  in  ttie  position  where  the  tnoutli  is  Bubsc^uontly  formed. 
CWai/«w/ff.— Ctcuofhoni  (?). 
Jlot/isat. — in  iiunierous  examplra  of  most  Uolluscon  group*,  except 

tlic  CepUsJopoiiii. 
tVwftffftf.— Cimpediii  (F),  tomo  Ciiulocer*  C^loi"")  (?}• 
(3)  Ii  tMcomes  the  permuieot  snui. 
JJoiJwtca. — Paltidma. 

Citet«poda. — Serpula  uiil  some  oilior  tjpcs. 
£cAamerwtatii. — AJmost  uQirersiJlj,  except  ainoiiK^t  the  Criiioidoa. 
|'(i)  It  dosea  in  the  posilion  wlicTC  the  anus  n  subscqiicntiy  fgrmed. 
EeAi»oimiutla. — Criuuidca. 
(&)  It  dOBM  iu  a  position  wbioh  does  not  corrtapond  ar  is  Dot  kn^wii 
to  oorrrspoad*  iijliicr  vtUi  tlio  future  ttiuutii  ur  MMi.^ ronfera :  S^TCaudm. 
CaleMirrttla :  Cbrjuora,*  Aurctia.*  Aemertea  .*  Bomc  luivtc  which  develop 
without  a  Didunor^ihusu.     Ui/ti/eru.*  Motluica  .-  Cuptialupodu.     J^e!j/:oa.* 
Sftteiiopodo ;    AroiOpe,  TciebraluU,  TtTtlirnluliiia.     CAnivpoda  :   Kunxcs. 
Dite^tora :  CJcpswe.     Oepifna .-  ikocllift.*     C'imii>ffiia(ia.     CnuUeea : 
UM^oda.     CMoriata. 


'  Tbe  above  liat  la  boiiicwiial  tentative ;  sod  future  iiivcsll^utioiis  will 
probabljr  sliow  tlist  111U17  uf  the  »iateineiiis  at  preseut  currom  about  tbe 
potition  of  tbe  bLutO|>orc  arc  inaccurate. 

=  The  forma  in  wbieh  ihu  punitiuii  uf  llie  bliutupuic  iu  tclatioa  tu  the 
nontti  ot  anus  is  out  kuovu  are  uiurkcd  with  au  aatciiak. 


r.  M.  lALracft, 


Iwt  lu'ailing  viiry  considerably  ia  the  cturwter  uf  the  blu* 
topore.  In  some  cases  tlie  fact  of  iu  not  coincidiog  either 
with  the  muuth  or  Aitus  uppearG  to  be  due  timply  to  the 
pnsoQce  of  a  largo  amount  of  food-yolk.  The  oaaea  of  the 
Cephalopoda,  of  Euaxes,  ond  perbapi  of  ClepKin*  nod 
Boiiellia,  are  to  be  cJtpUiued  ia  this  way:  in  the  cms*  of 
all  thcae  forms,  except  Bouellia,  the  blaetopors  has  the  form 
of  an  elongated  slit  along  the  ventral  surface.  This  type 
of  blastupore  is  characteristic  of  ilie  .MoUusca  gcneiallTi 
of  the  Folyzoa,  of  the  Nematelmiuthes,  aiid  very  possibly 
of  the  Chntopoda  and  Discophora.  In  the  Btachio- 
poda  and  the  Chstognatha  (tig.  lH  b)  the  bUstoporr  is 
situated,  so  far  as  can  be  determined,  behind  iho  futiite 
anus.  In  many  Decft)>odn,  amongst  the  Crustacea,  the  blas- 
topore is  placed  behind,  but  not  far  from,  the  auus.  In 
the  Chordata  it  is  also  placed  pu^terioriy,  and,  rcmarkubly 
enough,  remains,  in  a  large  number  of  forms,  for  some  time 
in  connection  ivith  the  neural  tube  by  a  ncurcuteiic 
canal. 

The  great  variations  in  the  character  of  the  gaslrula,  in- 
dicated iu  the  above  summary-,  go  far  to  show  that  Ef 
the  gastruUe,  us  we  find  them  in  most  type^,  have  any  an- 
cestral characters,  these  characters  can  only  be  very  general 
once.  This  may  best  be  shown  by  the  consideration  uf  a  few 
striking  instances.  The  blastopore  iu  MoUusca  has  an  elon> 
gated  slit-like  form,  extending  along  the  veulral  surface  from 
thu  mouth  to  the  anus;  iu  KchinodermaUL  it  is  a  narrow 
pore,  temiiining  as  the  auua.  In  most  Chietopodn  it  is  a 
pore  remrtjnitig  as  the  mouth,  but  in  some  as  the  anus.  In 
Chordata  it  is  a  posteriorly -placed  pore,  opening  into  the 
neural  canal. 

It  is  clearly  out  of  the  question  to  explain  these  differ- 
ences in  connection  with  tlie  characters  of  ancestral  forms. 
They  can  only  be  accounted  for  as  secondary  adapiatioiis  for 
the  convenience  of  development. 

Tbeepibulic  uastrubtof  Mammalia  ia  a  aiill  more  striking 
case  of  a  socondar)-  embryonic  process,  and  is  not  directly 
derived  from  the  gastrula  of  the  lower  Chordata.  It  pro- 
bably originated  in  connection  with  the  loss  of  food-yolk 
which  took  place  on  the  cstnblishmcut  of  a  placental  imtri- 
tion  for  the  fa-tus.  The  epibolic  gastrula  of  the  Scorpion, 
of  Isopods,  anil  of  other  Arthropoda,  seems  also  to  be  a  derived 
gastrula.  These  instances  of  secondary  gastrulm  are  very 
probably  by  no  means  isolated,  and  should  serve  as  a  warning 
against  laying  too  much  stress  upon  the  frequency  of  the 
occurrence  of  invagination.  The  great  influence  uf  the  food- 
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yolk  opon  the  e«r1y  development  might  be  illustratetl  by 
numerous  exani|)le8,  esiiecialty  amongst  tlie  Cburdata.' 

If  ihe  descendants  of  a  form  ^vith  a  large  amount  of  food- 
JtAk  in  its  ova  were  to  have  ova  with  but  little  food-yolk, 
[the  type  of  formation  of  the  germinal  layers  which  would 
rtheroby  result  woulil  be  by  no  means  the  Aame  as  that  of  the 
|ltoct>8tor«  of  the  forois  trith  much  food-yolk,  but  would  pro- 
[bably  be  something  very  diflerent,  as  in  the  caseof  Mammalia. 
:rt  ttmongst  the  countless  generations  of  ance&tors  of  mo^t 
fexifrting  forme,  such  oscillations  in  the  amount  of  the  food- 
irolk  must  have  occurred  in  a  large  number  of  iiistancea. 

The  whole  of  the  above  considerations  point  towards  the 

riew  that  the  formaiiou  of  the  hypoblast  by  invagination,  as  it 

jocctira  in  most  forms  at  the  present  day,  can  have  no  special 

►bylogenelic  sigui6cance,aad  that  the  argument  of  frequency, 

in  favour  of  invagination  as  opposed  to  delamination,  is  not 

fof  prime  importance. 

A  third  possible  method  of  deciding  between  delaminatitm 
land  invagination  is  to  be  found  in  the  consideration  as  to 
lirhich  of  these  processes  occurs  in  the  most  primitive  forms. 
[If  there  were  any  agreement  amongst  primitive  forms  as  to 
Ihe  type  of  their  development  this  argument  might  have 
[some  weight.  On  the  whole,  delamination  is,  no  doubt, 
[efaaracteristic  of  the  moit  primitive  types,  but  Che  not  in- 
frequent oceurrencc  of  itivagiiiaiion  in  both  the  Coeleu- 
[icrata  and  the  Porifera — the  two  groups  which  would  on  all 
Lbandg  be  admitted  to  be  amongst  the  most  primitive—- 
]  deprives  this  argument  of  much  of  the  value  it  might  othcr- 
l^irisc  have. 

To  sum  up :  in  the  present  state  of  our  knowledge  there 
Isre  no  satisfactory  data  for  deciding  which    of    the    two 

{irocesses  is  the  more  primitive;  nor,  considering  the  almost 
ndisputable  fact  that  both  these  processes  have  in  many 
tni3tances  hod  a  purely  secondary  origin,  can  any  valid 
Iftrgumeots  be  produced  to  show  that  either  of  them 
[.reproduces  the  mode  of  passage  between  the  Protozoa  and 
[the  ancestral  two-layered  Mctazoa.  These  conclusions 
rao  not,  however,  throw  any  doubt  upon  the  fact  that  the 
[astrula,  however  evolved,  was  a  primitive  form  of  the 
[etnzoa;  since  this  conclusion  is  founded  upun  the  actual 
ixistenc*  of  adult  gastrula  forms  independently  of  their 
jccurrence  iu  development. 

Ttiough  embryology  does  not  at  present  furnish  us  with 
m  answer  lo  the  question  how  the  Metazoa  became  developed 
'  FiA  f.  U.  BaUoar,  "  A  comparison  of  tlic  early  sLagu  ia  tUc  deve> 
of  Vertebrates."  '  Quart.  Jouru.  Micr.  Sol,'  to).  1S7S. 
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from  Ihe  PnKotMi  it  is  neTcrtheleM  worth  while  reviewing 
some  (if  thr  procenses  by  nhicfa  this  can  be  conceived  to 
have  occurred. 

On  purely  a  priori  zrounds  there  is  in  ray  opinion  mon 
to  bcKaid  fur  invagiiiutton  than  for  any  other  view. 

On  this  view  wc  may  suppose  that  the  colony  of  Pro- 
tuxo»  in  the  couim.*  of  conversion  into  Melazoa  had  the 
form  of  a  bliisuisphere  ;  ami  thai  at  one  pole  of  Una  « 
.lepresBion  nppcaicd.  The  cells  lining  this  depression  we 
may  suppose  lo  have  been  iimicbotiJ,  uud  Lu  have  carried 
on  the  work  of  digeetioii  ;  while  the  remaining  cells  wei« 
probably  ciliated.  The  digestion  may  be  supposed  tu  hare 
hoeu  at  first  carried  on  in  the  interior  of  the  cells,  «s  in  the 
Protozoa ;  but,  as  the  depression  became  deeper  (in  order 
to  iiicrenftc  the  aren  of  nulrilive  cells  and  to  retain  the  food] 
a  iligestive  secretion  probably  bet\inic  poured  out  from  the 
rrlls  lining  ilj  and  the  mode  of  digestion  generally  charncter- 
isiic  of  the  Mctazoa  was  thereby  inaugurated.  It  may  be  noted 
that  an  intra-cellular  protozoon  type  of  digestion  persists  in 
the  Purifera,  and  appears  also  to  occur  in  many  Cadenterata, 
TurbcUario,  &c.,  though  in  most  of  these  cases  both  kinds 
of  digestion  probably  occur  simultaneously.' 

Another  hypothcticnl  mode  of  passage  which  fits  in  with 
delnmination  has  been  put  forward  by  Lankesler,  and  is 
illustrated  by  fig.  8.  lie  suppoflea  that  at  the  blaato- 
aphcre  stage  the  fluid  in  the  centre  of  the  colony  acquired 
•pecial  digestive  properties;  the  inner  ends  of  the  cells 
had  at  this  stuge  somewhat  differenl  properties  tu  the 
outer,  and  the  food  was  still  incepted  by  the  surface  uf 
tlic  cells  (fig.  8,  g).  In  a  later  stage  of  the  process  the 
inner  portions  of  the  cells  became  separated  off  as  the 
hypobla.st,  while  the  food,  though  still  ingested  in  the  form 
of  solid  particles  by  the  superficial  cells,  was  carried  through 
the  protoplasm  into  the  central  digestive  cavity.  Latei  (&g. 
8,^),  the  point  where  the  food  entered  became  localised,  and 
event ually  a  mouth  bociime  formed  at  this  point. 

The  main  objection  wliich  can  be  raised  against  Ii^nkester's 
view  is  that  it  presupposes  a  type  of  delamination  %Yhich  does 
not  occur  in  nature  except  !n  Geryonia. 

Mclschnikoff  has  propounded  a  third  view  with  reference 
lo  dehiminiiltun.  lie  starts  as  before  with  a  ciliated  blasto- 
sphere.  He  next  supposes  the  celli)  from  the  walls  of  this 
tu  become  budded  off  into  the  central  cavity,  aa  in  Kucope 

I  i.  Parker,  "^Un  tlic  llistolocj  of  tlfdra /mrea,"  'QustL  JiiDm.  Micr. 
Science  i'  and  Gl.  MfitschnikQlT.  "  Ucli.  die  Iritrantlulan;  VrnlAuiin]*  boi 
Coelcatcntcu,"  '  Zrijoiogiecbor  Ajucigcr,*  No.  56,  vol.  iu,  1S80. 
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rf  fig.  5),  and  to  lose  their  cili*.     These  cells  give  rise  to  an 
iternfll  parenchyma,  which  carries  on  au  intra-cellul«r  di- 
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TtO.  9.^IXafrom  tioteinff  thr  Formation  of  a  Gat/rula  by  Dctami/ialion. 
(From  LwikaUT.)  Fip.  1.  ojiim  ;  lij*.  2,  srngc  in  .vpnienlntiou  ;  ftp.  ;i, 
eommeHeeineDt  of  delaniiiiialkon  aflcr  the  nppcarnucc  n\  n  ci^ittml  fJiviLi ; 
Os.  4,  delunir^lion  completed,  moulli  roriniiig  hi  jV.  In  lif;».  1.  ■i,  niicl 
3,  &.  is  ectoplasm,  mid  ^n.  i»  oiidopluin.  Iti  lij;.  4,  Ec.  is  opihiut, 
and  £'«■  hyjiowut.     t'.  food  paihclrs. 

[gestion.  At  a  later  stage  a  central  digestive  cavity  isBiipposcd 
\\o  be  formed.  This  view  ol'  the  passage  from  tht^  |)rotozoou 
ito  the  metazoon  elate,  though  to  mj'  mind  iniprobahle  in 
I  itself,  fiw  in  very  well  with  the  ontogeny  of  the  lower 
[Hydrozon. 

Another  view  has  heen  put  forward  by  nivBclf,'  lo  the  effect 
that  the  nntphiblastula  larva  of  Calcisjiongix  nmv  he  a 
traiisilional  furin  hetween  the;  Protozoa  and  tlit-  >(<;tazoa, 
composed  of  a  hemisphere  of  nntritive  nmceboid  cells  and  n 
lliernuphcrc  of  ciliated  ci'llt>.  The  absence  of  such  a  larval 
'form  in  the  Coelcnteratft  and  higher  Metnzoa  is  opposed, 
liowcver,  to  this  larva  being  regarded  as  a  transitional  form, 
except  for  the  Forifera. 

It  is  obvious  that  so  long  as    there  is    complete    uncer* 

.taint}'  as  to  the  value  to  be  attached  to  the  early  dcvclop- 

'  mental   processes,  it   is  not   imssible  to  decide  from   these 

uroC4^s*es  wheiher  th«re  is  only  a  single  Metazoon  phyUnn 

nr  whether  there  may  not  be  two  or  mure  such  phyla.     At 

>  F.  M.  Balfear,  'A  Treatise  on  Compnralivr  Kmt)rjn!o!;:ir,*Tol,  i,  p.  1S8: 
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the  same  time  there  appear  to  be  siroog  ai^menu  for  le* 
yarding  the  Porifera  aa  a  phylum  of  the  >UtazDa  derind 
independently  from  the  Protozoa.  This  secme  to  me  to  be 
shown  (I)  by  the  striking  brval  peculiarities  of  the  Porifem; 
(S)  by  the  early  development  of  the  mesoblast  in  the  Porifen. 
which  8(nnds  in  fttron^  contrast  to  the  absence  of  this  layer  in 
the  embryoi  of  most  (_'a:1enteTata ;  and  above  nil,  (3  j  by  the  re- 
markable character*  of  the  sysiera  of  digcntive  channels,  A 
further  nr^ment  in  the  same  direction  is  supplied  by  the 
fact  that  the  germinal  layers  of  the  Spongee  very  probably 
do  not  correspond  physiologically  to  the  germinal  layers  ^ 
other  types.  Whether  or  no  the  amphiblaKtula  larva  ie,  u 
suggested  above,  to  be  regarded  as  the  larval  ancestor  of  the 
Fonfera  muet  be  left  as  an  open  question. 

Tlie  quention  as  to  how  far  there  is  a  complete  homology 
between  the  two  primary  germinal  layers  throughout  the 
Metazoa  wni  the  third  of  the  questions  prouounded. 

Since  there  are  some  Melazoa  with  only  two  germinal 
layers,  and  other  Metazoa  with  three,  and  since,  as  is  shown  iD 
tlif  foltowing  section,  the  third  layer  or  mesoblast  can  only  be 
rcgttiilcd  as  n  derivative  of  one  or  Iwth  the  primary  layers, 
it  is  clear  that  a  complete  homology  between  the  two 
primary  germinal  layers  does  not  exist. 

Th»t  there  is  a  general  homology  appears  on  the  other 
hand  hardly  open  to  doubt. 

The  primary  Inyers  are  usually  continuous  with  each  other, 
near  one  or  hoth  (when  both  are  present)  the  openings  of 
the  alimentary  tract. 

As  n  rule  an  oral  and  anal  section  of  the  alimentary  tract 
— the  stomodoeum  and  procrodroum — are  derived  from  the 
cpiblftst ;  but  the  limits  of  both  these  sections  are  so 
variable,  soniGtimes  t'veu  in  closely  allied  forms,  that  it 
is  difficult  to  avoid  the  conrliinon  that  there  is  a  border- 
land between  the  epiblast  and  hypoblast,  which  appears 
by  iiB  development  to  belong  in  some  forms  to  the  opi- 
blnst  and  tn  other  forms  to  the  hypoblast.  If  this  is  not 
the  case  it  is  necessary  to  admit  that  there  are  instances  in 
which  a  very  large  portion  of  tlie  alimentary  canal  is  formed 
of  epiblast.  In  some  of  the  Isopods,  for  example,  the 
fitomodncum  and  proctoda;um  give  rise  to  almost  the  whole 
of  the  alimentary  canal  witn  its  appendages,  except  the 
Hrer. 

The  origin  of  the  Mesoblast.— The  diploblastic  condition  of 
the  or^nism  preceded,  as  we  have  seen,  the  triploblasiic. 
The  epiblast  during  the  diploblastic  condition  was,  as  appenia 
from  such  forms  as  Hydra,  especially  the  sensory  and  pro- 
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teciivc  layer,  ivhile  the  hypoblast  M-as  the  secretory  layer; 
boih  Uycrs  giving  rise  to  musculHt  cletnculs.  It  tntiat  not, 
liDwever,  be  supposed  that  in  the  early  diploblastic  ances- 
lore  there  was  a  complete  different  in  I  ton  of  function,  but 
there  is  reason  to  think  that  both  the  primary  layers 
retained  an  indefinite  capacity  for  developing  into  any 
form  of  tissue.*  The  fact  of  the  triploblastjc  condition 
being  later  than  the  dipIoblHstic  proves  in  a  conclusive  way 
ibal  ibe  tnesoblast  is  a  dt'tivatc  of  one  or  both  the  primary 
Uycre.  in  the  Ccelenterata  ne  can  study  the  actual  oricin 
fiom  the  two  primary  layers  of  various  forms  of  tissue  which 
ill  rbe  higher  types  Lccotne  the  meaoblast.-  This  fact,  u 
well  B8  general  a  priori  considerations^  conclusively  prove 
that  M«  metoblast  did  not  at  JiT$t  originate  as  a  mass  of 
iiulcpcmlent  cells  bcttrfen  the  two  prima rtj  Imjers,  hut  that  in 
ihejirst  iiisiancc  it  arose  as  histological  dijf'cratiifitiatia  of  the 
two  lagtra,  and  that  its  condition  in  the  rnttfrgo  at  an  inde- 
vendcnl  lager  of  undijf'erentlatal  cells  is  a  secondarg  condi- 
tion, brought  about  by  the  general  tendency  towards  a  simpli- 
^cation  of  decelopmeni,  and  a  retardation  of  histological 
tiiJfrriiUiation.^ 

In  addition  to  the  probably  degraded  Dtcyemidie  and  Or- 
iboncclidtc,  the  Coclenterata  are  the  only  group  in  which  a 
completely  differentiated  mesoblast  is  not  always  pieient. 
Ill  other  worils,  the  Cccleniernta  arc  the  only  group  in  which 
there  is  uut  found  in  the  embryo  an  umHffertMitiated  masa 
of  cells  from  which  the  inujorily  of  the  organs  situated 
between  tne  epittermis  and  the  alimentary  epithelium  are 
dveloiied. 

'  The  II('Ttwig«  (Ne.  13)  hare  sZiowii  lUt  nervous  stmcltirca  are  dtva- 
toped  in  tlir-  ii;)i(>b!a»*  in  the  ActiaoxoR. 

-  There  is  confiileniblc  LonfuKioii  i[i  ihc  use  of  the  namrs  for  the  em- 
bi;ooic  U^cr>-  lu  winr  caies  vnriontt  titsucft  fornii^d  hy  (lifTorcntiatiotiB 
of  tbc  jinmarT  liijcrs  bare  bcou  rnllcil  nifsoblAnt.  Stiintltxc,  nod  more 
rrcmlly  tlic  tlcii«i^  liuv«  pointcil  uut  the  iucunvcniiMicc  of  this  iiomni- 
cUliitc*.  In  >oiiic  or  the  CttlciiU-iui^t  it  ]«  ilidicult  to  cievidf  in  oerUdn 
ir.»Uiic«s  {e.p.  SjiniKxlhim)  wlictbcr  thr  cfflls  Tvhich  give  rise  lo  a  pnrlieuUr 
InMV  of  the  «(lalt  kn  to  be  rrgnrdtd  ns  funning  n  mesoblnst,  i.  e,  »  middle 
umiiffcretilUted  lajCTDf  rdli,  ui  artae  m  alrfAdy  hiilologtienllT  diff'trtutiiited 
elcmetitj  (rooi  one  of  tUt  I'rimnrj'  Infers.  The  attewpl  lo  Jistijiguisli  h;  > 
apceiJil  uoDtcnclatuiG  tlic  c|iilj[ut  aiKl  li^poblasl  after  aad  IrcTorc  tlic  scjaTii< 
Ijou  of  the  mtBoblMl,  winch  has  been  made  b;  AUeu  Thomtun  (No.  1), 
ftlifenrs  la  mc  incoiivenie&t  in  ftracticc.  A  proposal  of  the  Hcriwig«  to 
kdopt  apecial  nuiei  lor  llie  outer  and  iutiei  Umiliug  membranos  oT  the  adult, 
oiul  tot  the  inlerpoied  niaia  of  orRans,  aupean  lo  me  UDneccMarT,  and 
only  like);  to  intiwluce  coufmiun  iuio  an  alrnuly  complieatnl  nom«nc[attLi«. 
*  Tlie  otitMft  n  liieb  give  Hk  lo  a  rclariintioii  yf  histological  dilTcrcatiatlon 
viU  be  dealt  with  lii  a  »cqucl  to  this  paper  trcaling^  of  Urvnl  chnmetcrs  and 
larval  forna. 
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r,  m,  s&Lrors. 


Untiine,  bat  it  u  b>  no  ucuM  evftaiu  tbtt  aujr  copdniwiii 
eaa  be  iniTctly  drawn  from  then  w  to  th«  ictita]  arwtn  of  the 
mnoblut  in  tbc  triploblaBtac  fomi,  till  w«  know  w>m  wbat 
diploblutic  fatmt  the  trtploblastioft  ot^natcd.  All  that  tbc| 
tiww  it  tbst  &DJ  i>Art  of  the  i— ohktt  majr  hare  origiiuitnl 
from  rither  of  Uiti  primUtre  lafert. 
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Ro.  10. — Tie  Traiurtrtf.  Secticnt  tltnu^k  Swlnyot  of  j' ' 

(After  Koiralevakj.)  A.  Section  ilirou^  in  embiL  __  ...  ),,:„, 
where  the  two  eennmal  fol'U  mott  .ipproxunale.  B.  iwctiou  thnu^ 
an  embrjD,  in  the  fcntcHor  n^on  when  liie  foUa  of  t)ie  ■miiion  bare 
njOtOBilcd.  ^-  germinal  groore;  at*.  iMSoUMt;  «i.  Hioion ;  yk,  yolk. 

For  further  light  as  to  the  origin  of  the  mcsoblaatj  it  ii 
necessary  to  turn  to  ita  actual  development. 

Tb«  follovring  summary  illustrates  the  more  important 
modes  in  which  the  niesoblast  originates. 

1.  It  (;;row8  inwards  from  the  lips  of  the  hiastopore  as 
a  pnir  of  hands.  In  thei'e  casns  it  may  originate  (I)  from 
cells  which  are  clearly  hypnlilastic,  (2)  from  cells  which  are 
oleatljrepihlastic,  (3)  from  cclU  which  cannot  be  regarded  as 
belonging  to  cither  layer. 

MoUwea. — Gasteropoda,  Cephalopoda,  and  Lamellibran- 
chiata.  In  Gasteropoda  and  LamellibranchiatA  it  some- 
times originates  from  a  pair  uf  cl-Us  at  the  lips  of  the 
bliistoporc,  though  very  probably  some  of  the  elements  sub- 
fcquenily  cunio  from  the  epihlaat ;  nud  in  Cephalopoda  ai  a 
Tin;;  of  celjg  round  the  edge  of  the  bhistodenn. 

Polifzott  Entoproeta. — It  originates  from  a  pair  of  cells 
at  the  lips  of  the  blastopore. 

Vhtetopoda. — Buaxc4.  It  arises  as  a  ridge  of  cells  at  the 
lips  of  the  blasioixire  (fig.  3). 
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Gf^hyna.^BomWia.     It    srives  (fig.  9)  as  an  infoUting 
of  the  eptblastic  lips  of  the  bliisUiporu. 
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Fie  U- — tU»ei  fUuttntiiit^  ike  Devaioprntitt  of  A*taeuf.  (From  Pukw, 
■ftflr  B«KliiiiibachO  A.  Sccltun  tlirou|;li  p'ltrt  oftho  uvum  liuringaeg- 
mvntation.  n.  nuclei ;  te.u.  wliito  ;^Dlk. ;  y.p.  ^allc  pjrainiila ;  c.  cULtnl 
Tolk  mass.  R  inil  C.  Tjoa^ituilinul  tccimiis  a(  tlic  pulniln  utago, 
a.  arclwntcron ;  6.  blutoiiort*  ;  m-i.  niCHublait;  ec.  ujiibla^l  ;  ?n.  Liygio- 
Must,  dtatingpished  Trom  cpihinst  b;  sliailing.  D.  Higlily  miij^uiGcil 
view  o(  anterior  lip  of  blMtOiiorc,  lo  sbow  tlie  urijtin  of  thp  primnrj 
meaoblut  from  I  lie  vail  of  tlic  arclicntcran.  ^.jim.  primsry  tnesoblagi ; 
ee.  epibbst ;  «■«.  bTpoblut.  E.  Twg  hvnobluxt  o-llx  lo  sbow  Ibu  amccba* 
like  tbsorption  of  volk  splicrcs.  y.  yolk  ;  w.  nudnus ;  p.  psriidopoii iai 
procets.  P.  Hypuolut  cells  giving  riic  ciiiiogfnoujilj  u>  iJic  nrcgndary 
tDMobUst  («.»!,)  i  n.  nnelcus. 

NemaUlminthp^. — CucitDatius.  It  grows  backwarda  from 
the  hypoblast  c<>11s  at  the  persistent  ornl  opening  of  the 
blastopore. 

Trachcata. — IiiMcia.  It  ffrows  inwards  from  the  lips  o( 
the  germinal  groove  (iig.  10),  which  probably  represent  the 
TCinains  of  a  blastopore.  Part  of  the  iiicsublasi  is  probably 
also  derived  from  the  yolk  cells.  A  similar  though  more 
modified  development  of  the  mesoblast  occurs  in  the 
Araneina  (fig.  17). 

Onutacea. — Dccapoda.  It  partly  grows  in  from  thehypo- 
blastic  lips  of  the  blastopore,  atid  is  partly  derived  from  ihe 
yolk-cells  (fig.  11). 

S.  The  nieaoblaBt  is  developed  froni  the  walls  of  hollow 
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show  lliKt  then  an  a  K™**"  nnubcr  of  uutancn  in  wliicti 
tlie  nuaablaM  tuu  a  misted  ongin  than  might  be  wufftmi 
fnm  th«  iboT*  smuMiy. 
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Fig  .  1  i.—SeHioHi  of  m  AmpUtswi  IM7U  *i  tkn*  Si*ga.  (Afrv  %pf 
tfankrj  A-  nwtioD  *X  gaatndi  stiM.  B.  SeeUoo  of  ■  lonmfcat 
oUar  anbrjo.  C.  Sectbo  tbrauftli  liw  ntcriv  part  of  >tiU  oUbt 
oabfTO.  V-  DConl  pUtc;  a^.  oeanl  canal  i  am.  archcntcrao  in  A, 
aad meae&teroa  iaBudCi  ek.  aotodiafd;  w.  wnhbrtiB  waita. 

1  have  ilteropted  to  reduce  the  type*  of  development  of 
the  me!rubln&t  to  six  ;  but  owing  to  the  nature  of  the  case  it 
is  not  alwavs  easy  to  distinguish  the  first  of  theite  from  the 
laat  four.  Of  thi'  six  types  the  second  will  on  most  hands 
be  admitted  to  be  tho  most  remarkable.  The  formation  of 
hollow  outgrowths  of  the  archcnteron,  the  cavities  of  which 
give  rise  to  (lie  body  cavity,  can  only  be  expliuned  on  the 
suppoeiiion  that  the  liody  cavity  of  the  types  in  which 
tuch  outgrowths  occur  arc  derived  from  diverticula  cut  off 
from  the  alimentary  tract.  The  lining  epithelium  of  the 
diverticula — the  peritoneal  epiiliclium — is  clenrly  part  of  the 
primitive  hypoblast,  and  this  part  of  the  mesoblatt  19  clearly 
hypoblastic  in  origin.  1 

Vio.  15. — Stfticiu  thrimgh  tie  Omm  0/  jA^lojiXatui  tremetiarU  in  tAne 
Stttffti  0/  ikvtlopmeia.    (After  Biillri^} 


hf.  jojk  cclh  (hypoblut) ;  6t.  blsitopore. 


ep.  cpiblast ;  «.  muoblnt ; 


In  the  case  of  the  Chectognatha  (Safi;itta],  Brnchiopoda, 
and  Amphioxus,  the  whole  of  the  mesoblaet  origiuat(.>B  from 
the  walls  of  the  diverticula ;  while  in  the  Eclunodermata  the 
walls  of  the  divcrliculii  only  give  rise  to  the  vnsc-peritoneal 
epilheliuui,  tlie  reniaimlerof  tliemesoWast  being  derived  from 
ttmojboid  cells  which  spring;  from  ihc  walls  of  the  archcaleron 
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before  ibe  origin  to  tho  vaso- peritoneal  outgrow  ilia  (ti^a.  S 
and  I3j. 

The  first  of  these  processes  suggests  the  view  that  the 
whole  of  the  mesoblaBt  primitively  Mrose  hy  a  process  of 
histogeoic  (Ufferentiation  from  the  walls  of  the  arcbeuterou. 
This  view,  which  was  originally  put  forward  by  myself 
(\d.  4),  appears  at  first  sight  very  improbAble,  but  it  re- 
ceives great  support  from  the  enormous  development  of  the 
hypublastic  muscular  system  (Hertwigs,  No.  13J  in  many 
Actinozoa.  Lankestcr  (No.  17),  nn  the  other  hand,  has  urged 
that  the  mode  of  origin  of  the  mcsoblast  in  tin?  Kchinoder* 
mata  is  more  primitive  ;  and  that  ibo  amoeboid  cl'Us  uhioh 
here  give  rise  to  the  muscular  and  cnnnectivo  tissue  repre- 
sent celts  which  originally  arose  from  the  whole  inner  surface 
of  the  epiblast.  It  is,  however,  to  be  noted  that  even  in  the 
Kchicodormata  the  amtcboid  cells  arise  from  the  htfpohla^t, 
and  their  mode  of  origin  may,  therefore,  be  used  to  support 
the  Wew  that  the  main  part  of  the  muscular  system  of  higher 
types  is  derived  from  the  primitive  hypoblast. 

Keserving  for  the  moment  the  question  as  to  what  con* 
elusions  can  be  deduced  from  the  above  facts  as  to  the  origin 
uf  tlie  mesublasl,  it  is  important  to  determine  how  far  the 
facts  of  embryology  warrant  as  in  supposing  tbat  in  the 
whole  of  the  triploblastic  forms  the  hotly  cavity  originated 
Irom  the  alimentary  diverticula.  There  can  be  hut  little 
doubt  that  the  mode  of  origin  of  the  mesoblast  in  the  Verte* 
brata,  as  two  solid  plates  split  off  from  the  hypoblast  in 
which  a  cavity  is  secondarily  developed,  ia  an  abbreviation  of 


Pre.  16. — Tmo  Setthmt  of  a  goMig  IBaiMobratuk  Smiffo,  to  aieip  He  wav. 
blatt  Mplil  tig  at  iim  iaterat  maam  /rem  iks  kfpobiatt.  my.  tnciiulUtj 
groove;  <y.  cpibltat i  m.  mesoblast;  Aj.  hjrpubUsl. 


tbe  pioceH    obtervsble  ia    Amphioxtu ;   trat    tht»   pi 
approaches  in  mitny  forms  of  Vertebraio  to  the  infp'owth 
the  in  ^.'' obi  JUS  I  from  the  lip*  of  the  htatttoporc. 

It  U,  therefore,  highly  probable  that  the  paired  iagiowthl 
of  the  mesohtast  from  the  lips  of  the  blastopore  may  hare 
been  in  the  first  instance  derived  from  a  pair  of  archenteiic 
diverticula.  This  proc:e»s  of  forinatiou  of  lh«  mesoblast  U, 
as  may  be  seen  by  reference  to  the  summary',  the  nuwt 
frequent.' 

While  there  is  no  difficulty  in  the  view  that  the  body 
cavity  may  have  originated  from  a  pair  of  enteric  diverticula 
in  the  case  of  the  forms  whc-rc  a  body  cavity  is  present,  there 
is  a  considerable  difficulty  in  holding  this  view,  for  fomu 
in  which  there  is  no  body  cavity  distinct  from  the  alimei 
tary  dlverticulfl. 


Flo.  17. — &eJioM  ihrattgh  Iht  BtrAryo  o/Aptftna  tatfriMtiua.  The  scetion 
is  representcil  witli  iIjc  TentmJ  pUtc  directed  upwardi.  In  tite  ventral 
plate  is  seen  u  keel-like  tliLckeni&g;,  whicli  gives  rise  to  Uie  iiain  mass  of 
Ue  niwobUat.  yi.  Yolk  divided  into  lar^  polygonal  oell*,  in  tevervl  of 
vfaieli  are  nuclei.  J 

Of  these  types  the  Platyehninthes  are  the  most  striking. 
It  is,  no  doubt,  possible  that  a  body  cavity  may  have  existed 

'  Tlie  wide  occurrence  of  tliiH  proer»ii  wa»  Cmi  poinled  out  bj*  KnU.  Us 
holds,  however,  a  peculiar  inudificatinn  uf  tlie  gastraca  tlienrj,  for  irliich  I 
must  refer  the  rrmter  to  lii-i  p.B{tcr  (So.  23)  ;  iicconlime  to  tbis  theory  the 
mesoblast  lias  5{irun^  froin  a  tone  of  cells  of  tbe  biaslcispbere,  at  the 
junction  between  tlic  ciIIa  which  will  Itc  invni;! anted  nod  tiie  epiblast 
cells.  In  tlie  bilateral  blaBloBphere,  from  wliicli  h«  liolils  tbat  all  the 
higher  forms  (bilaleralin)  linve  originalcd,  tbese  cells  lind  a  bilateral 
arrangement,  and  lliua  (lie  bilateral  origin  of  the  nieHoblost  is  explained. 
The  ori^n  of  tbe  nie«oblul  from  the  lip*  of  tliv  bliutopore  i&  exflniucd  by 
the  pODilion  of  ila  mullierHtellE  in  the  blBSlosplicre.  It  need  scitredy  be 
said  tbat  the  view  tilreiidj  put  forwanl  ah  Io  ihv  pruliitble  mode  of  oriaia 
of  tbe  mesolilskt,  founded  on  the  analogy  of  Lbc  Ccclentcrata,  are  quite 
iuconipalilile  witli  Kabl'i  theories.  — ^— 
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in  the  PlatyelmiDthes,  and  become  loet,  and  even  in  some 
cases  replaced  physiologically  by  alinieiitBry  diverlicula. 
The  usual  view  of  the  primitive  character  of  the  Plalycl- 
miiithes,  which  has  much  to  support  il,  in,  however,  opposed 
to  the  idea  that  the  body  cavity  has  dieajipcutcd. 

If  Kowalewsky*  ig  right  in  stating  that  he  has  found  a 
fomi  intermediate  between  the  Ccclenteiala  and  the  PlatyeU 
niinthes,  there  will  be  ationg^  grounds  for  holding  that  the 
Platyelminthes  are,  like  the  Ciuleiiterata,  forma  the  ancestora 
of  which  were  never  provided  with  a  body  cavity. 

Perhapatlic  triplobutstica  are  cumpu«t>d  uf  two  groups,  viz. 
(I)  a  more  ancestral  group  (the  Platyelminthcs),  in  w>iich 
ihcre  is  no  body  cavity  as  distinct  from  the  alimentary,  and 
(S)  a  group  descended  from  these,  in  which  two  of  the  aM- 
mentary  diverticula  have  become  separated  from  the  alimen- 
tary tract  to  form  a  body  cavity  Cremaiiiiug  triploblastica). 
However  this  may  be,  the  above  cou&idctatioDS  are  sufficient 
to  show  bow  much  there  in  that  is  still  obscure  with  refer- 
ence even  to  the  body  cavity. 

If  embryology  gives  no  certain  sound  as  to  the  questions 
just  raised  with  rerercnce  lo  the  body  cavity,  still  less  is  It 
to  he  hoped  that  the  retnaining  questions  with  reference 
to  the  origin  of  the  nicsoblast  can  bo  satisfactorily  answered. 
It  is  clear,  in  the  first  place,  from  an  inspection  of  the  8iiin> 
mary  given  above,  that  the  process  of  development  of  the 
uiesoblast  is,  in  ail  the  higher  forms,  very  much  abbreviated 
and  modified.  Not  only  is  its  diffctcntiation  relatively 
dcfcried,  hut  it  does  nut  in  most  cases  originate,  an  it  must 
have  done  to  start  with,  as  a  more  or  less  continuous  sheet, 
split  offfrom  one  or  both  the  primary  layers.  It  originates 
in  most  cases  from  the  liypoblaet,  and  althongli  the  con- 
jiidt-mtions  already  urged  preclude  us  from  kying  very  great 
stress  on  this  mode  of  origin  ;  yet,  as  suggested  above,  it 
appears  to  me  not  impossible,  judging  from  tlic  analogy  of  the 
AcliuozOH,  (hat  the  muscular  system  of  the  triploblastica 
jnay  have  primitively  mainly  arisen  from  differentiations  of 
the  hypoblast  of  the  alimentary  diverticula,  which  seem  to 
have  given  rise  to  the  body  cavity. 

The  great  changes  which  have  taken  place  in  the  de- 
velopment of  the  mesublattt  would  bo  more  iiUetligibleon  this 
view  than  on  the  view  of  the  mesohlast  having  |irimitively 
largely  originated  from  the  epibiast.     The  presence  of  foud- 

'  '  Zuftlogi&eher  Anzeifrflr,'  Xo.  bi,  j>.  llO,  Tliis form  liaa  been  iiiimcd liy 
KuvrjJewiicT  ColeojtiaiM  jjfttcliniioieii.  Kowalewafcj's  descnpUon  appcnrs, 
hovcTcr.  lo  be  quiie  eompntiblr.  uiili  tltn  fifw  that  this  form  is  a  orcepiiig 
Clenoifbor,  in  aio  v»j  related  to  ilic  'I'uibclUrkuis. 


yolk  w  moch  man  tn^mrnl  in  the  hypoUut  than  in  the  epj- 
bUit ;  tad  u  ii  wen  kaown  that  «  Unm  aomber  of  tfa«  d 
cbugM  in  earlf  development  «k  nneed^y  food-rolk  If  V 
tbnefere.  (be  nmebbst  kn  bMndeimd  from  the  hrpobl«i* 
muy  mote  «b«n«.  eughl  ke  expecM  to  hnve  bei  intro-' 
doccd  into  its  etrW  derelojimeBt  than  if  tt  had  been  derired 
from  the  epiUast.  At  tb*  sanie  time  the  hTjMbUstic  or^in  of 
Ike  ■waoMut  wonW  mbm  in  espUining'  bow  it  hns  eome 
mkeni  that  the  derehtpiBent  of  the  Derroiu  Bystem  u  eloiaM 
■Iways  much  leu  nMified  than  that  of  the  meeoblasi,  and 
Uiai  Che  nervou  iTMera  »  not,  as  might,  on  the  gronnda  of 
■nalogy,  have  been  antKipaied,  devekiped  in  the  mesoUast. 
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Hcbrecht's  Rbsiarcues  or  the  Nbrvocs  Ststeh  of 
Nbmebtimm.i     (With  Plate  XXIII). 

Thb  above  cit«d  paper,  which  has  just  been  published  by 
the  Amsterdam  Academy  of  Sciences,  anil  from  which  we 
have  copied  figures  I  to  Id  on  Plate  XXIII,  gives  a  detailed 
aocount  of  the  situation  aud  the  structure  of  the  central 
nervous  system  in  the  Nomerteans.  After  all  that  has  bren 
said  on  this  subject  in  the  works  and  treatises  of  McTntoth, 
QnatTtfages,  Ke/'erxfdu ,  and  in  a  former  paper  of  the  same 
author,  it  would  seem  superfluous  once  more  to  go  over  the 
same  ground.  Only  it  should  be  here  remembered  that  the 
histolo^cal  structure  was  not.  or  very  insufficiently,  con- 
sidered by  those  authors,  whereas,  in  the  present  paper,  due 
space  is  allowed  to  the  description  of  the  histological 
details.  The  minute  structure  of  the  so-called  "  side* 
organfl"  (Mclutosli's  cephalic  sacs)  is  here  also  for  the  firtt 
time  minutely  entered  into. 

A  series  of  experiments  is  next  recorded  in  favour  of  the 
author's  hypothesis,  that  iu  the  Lineidis  these  "  cephalic  sacs  ** 
with  their  internal  ciliated  canal  and  with  the  deep  longitu- 
dinal slits  on  each  side  of  the  head  must  be  rcgardeil  as  « 
special  apparatus  Rcrving  for  respiratory  purposes^  the  oxygen 
being  taken  hold  of  by  (he  hsmoglobiii  contained  in  the 
nerve-cells  belonging  to  the  central  nervous  apparatus  as  it 
stretches  throughout  the  whole  length  of  (he  animal,  from 
the  heuii  to  the  ti|)  of  the  tail.  Other  arguments  in  favour 
of  this  hypothesis  ate  given,  some  of  them  derived  from  the 
phylogenetic,  others  from  the  ontogenetic  development  of 
these  organs. 

Finally,  the  paper  discusses  an  explanation  of  the  origin 
of  the  dorsal  neive-cord  of  Vertebrates  and  the  ventral  nenre- 
cord  of  Arthropods  and  Annelids  out  of  originally  paired 
lateral  cords.  This  explanation  is  suggested  by  the  situation 
of  the  latter  iu  different  genera  of  Nemerteans,  and  duds 
ilaelf  iu  harmony  with  general  views  which  were  already 
expressed  on  former  occasions  by  Gegenbaur,  Harting, 
Balfour,  and  others.  Two  hitherto  unknown  facts  resulting 
from  the  author's  investigations  are  niori!  specially  brought 
to  bear  upon  this  point;  Ist,  the  presence  in  all  Hoplone- 
mertinia*  yet  examined  on  this  head>of  a  commissure  uniting 
the  two  lateral  nerve-cords  and  situated  above  the  intestine 

>  Dr.  H.  VV.  Ilubrcclit,  'Zar  Analoriiie  imd  Flmiologiu  ilea  Nerrea- 
srateais  Jcr  Nnrwrtinen,*  Mit  Vicr  -to  Tnfeln.  '  VfiHiAnddingcn  v«n  de 
Kooinkl^ke  Akademie  vui  WatciuotiAppeu  (e  Ainaterdam,'  1>I.  1860. 
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immediately  before  the  anus  {Motvley  deflcribcB  such  n  com- 
missurc  in  Ptlagonemertea)  \  and  Snd,  the  disptaceinpnt  of 
the  lAteral  ncrve-cords  in  the  author's  new  genus  Langia^ 
which  tend  to  approach  each  other  on  the  dorsal  sidti  (not 
ventrRlly  as  they  do  in  the  genera  Drppanophortu  and 
Oerttedta),  at  leait  in  the  anterior  portion  of  the  body.  This 
explanation  would  restore  the  homology  between  the  dorsum 
of  Vertebrates  on  the  one  hand  ana  of  Arthro|>od8  and 
Annelids  on  the  other,  a  homology  which  of  late  years  has 
been  put  into  serious  doubt  by  the  researches  of  Dohm  and 
Semper,  whose  ingenious  auggcHtions  have  as  yet,  however, 
never  definitely  overconie  certain  primary  ohjectiimH  inherent 
to  their  views,  which  correspond  as  a  whole  with  Geoffroy 
St.  Hilnire's  saying  that  insects  are  Vertebrates  walking  on 
their  backs. 

After  this  rapid  exposition  of  the  contents  of  the 
paper,  we  shall  givo  a  somewhat  more  detailed  account 
of  certnin  parts  of  it.  It  should  here  be  remarked  that  the 
iiomeiiclature  of  the  genera  and  suborders  employed  is 
that  proposed  by  the  author  in  a  former  paper,'  in  whieli 
he  divides  the  Nemerteans  into  three  suborders:  Pal.ko>'e- 
UKRTiNl,  with  the  genera  Carinelia,  Ophalotkrix,  PoUa  and 
Vatencinia;  SchizonkjikktinIj  with  the  genera  Liiieus, 
Borlaaia,  Cerebrattdus  and  Langia  ;  Hopi,ONEMKiiTiNt,  with 
the  genera  AmphipotMi,  Drepunophonta,  Ttlrattetnma,  Oers- 
tedia,  Proxorhochmtta,  and  Nemerte*. 

A.  The  central  nerrous  at/stem. — As  such  the  author 
does  not  regard  the  cephalic  ganglia  only^^is  was  done  by 
all  hia  predecessors — but  the  so-called  longitudinal  nerves  as 
well,  on  account  of  the  shealh  of  ganglion  cells,  which  unin- 
terruptedly accompanies  these  trunks  from  their  origin  in 
the  cephalic  lobes  down  to  the  extremity  of  the  tail,  in  all 
the  genera  without  exception. 

In  the  genus  Carinelia — which  appears  to  be  one  of  the 
more  primitive  and  less  differentiated — the  whole  ceiitial 
nervous  system  is  situated  immediately  under  the  epi- 
dermal tissues,  outside  the  musculnr  body  wall  (PI.  XXIII, 
fig.  7),  and  the  cephalic  ganglion  takes  the  form  of  a  simple 
anterior  enlargemettt  of  the  lateral  trunks.  No  distinct 
division  into  lobes  can  be  detected  in  transverse  sections ;  the 
ventral  commissure  is  very  hroad,  the  dorsal  commissure  ex- 
ceedingly thin;  through  the  ring  thus  formed  the  proboscis 
and  its  sheath  passes  (1*1.  XXIII,  fig.  "Z).  The  mouth  opens 
behind  and  under  the  ganglion.     The   fibrous    nerve-sub- 

'  Ttie  '•  Genera  of  Twiropesn  Neaierleans  Crilicallj  Heviscd,'*  *  NolM 
Iron  the  LojdeD  Museum,'  vol.  i,  p.  193. 
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stance  prerftil*  orer  the  cellular  in  this  genut,  nnd  U  ftom** 
vihat  loosely  arranged.  It  it  not  tunounded  by  nerve-celb, 
aa  theae  form  only  an  txianuU  coating  to  it*  whereas  in  the 
higher' developed  genem  the  cellalar  xubiilance  (in  the  braui 
at  least,  not  always  in  the  lateral  trunks)  dott  surround  it 
on  all  sides  (PI.  XXIII,  figs.  4, 5, and  4>).  This  cellular  por- 
tion in  Carinclla  i>  aUo  of  a  less  com{>act  nature  than  in 
those  of  more  diffi'tcutiated  genera,  and  is  everywhere  in 
direct  contact  with  the  epidermoidal  tissue.  This  may  be 
regarded  aa  the  more  primitive  stage,  in  which  the  entire 
central  nervous  system,  from  the  head  of  the  animal  down 
to  the  tail,  has  not  yet  hecomo  scpsratod  from  the  ectoderm 
through  intervening  muscular  tissue. 

The  Schijconemektini  and  the  genera  Folia  and  PsAns- 
CMiVt,  among  the  PALJio.NEUKKTi.sij  represent  a  further  stage 
of  development,  inasmuch  as  the  central  nervous  apparattis 
is  here  situated  exteriorly  to  the  circular  and  interiorlv  to 
the  outer  longitudinal  muscular  layer,  and  so  is  everywhere 
surrounded  by  muscular  tissue;  whcrea»  in  the  large  ma- 
jority of  these  genera  the  longitudinal  trunks  ("Nervea- 
marksttimine,"  as  the  author  proposes  lo  designate  them] 
occupy  a  strictly  lateral,  opposite  position  (PI.  XXIU,  tig.  8) 
the  genus  Langia,  with  the  curious  Longitudinal  depressioo 
along  the  hack,  shows  the  well-marked  tendency,  already 
mentioned  above,  of  an  approximation  of  these  two  parallel 
trunks  on  the  dorsal  side  (PI.  XXUI,  fig,  9).  In  none  of  all 
these  genera  could  a  commissure  uniting  the  lateral  trunks 
in  the  posterior  extremity  of  the  animal  be  detected.  They, 
simply  terminate.  This  commissure  makes  its  appearance  in 
the  HnpicNEMBKTiNi,  which  are,  moreover,  cnaracterised 
by  the  lateral  trunks  being  situated  wholly  xatariorly  to 
the  nmscnlar  body  wall.  So  in  this  respect  they  form  the 
opposite  extreme  to  Carinella. 

Generally  the  position  of  the  nerve-trunks  is  strictly 
lateritl  (PI.  XXIII,  fig.  10^,  also  in  this  suborder;  in  certain 
genera,  however,  as  J>repanophoru$  (PI.  XXIll,  fig.  11), 
the  longitudinal  trunks  have  approached  each  other  on  the 
ventral  side,  and  would,  indeed,  if  they  were  connecteil  by 
conimiaBures  or  eventually  coalesced,  form  an  oesophageal 
nerve-ring  and  a  ventral  cord  corresponding  to  the  "  Bauch- 
maik"  of  Annelids  and  Arthropods.  But  such  commissures 
&il  in  this  genus,  as  they  do  in  all  other  Nemcrtesna,  and 
even  in  Drepanophoriu  the  longitudinal  trunks  bend  up- 
wards in  the  extremity  of  the  tail,  and  are  in  direct  com- 
munication by  a  commissure  above  the  (ligestive  tract.  This 
Urge  amount  of  variability  in  the  position  of  the  central 
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iiervuus  apparatus,  v/'nh  respect  to  the  mu»ciitar  layeis  of  tlio 
body  trail  on  the  one  Imnd,  and  to  the  axis  of  the  body  on  the 

I  other  hand,  seems,  indeed,  to  justify  the  author's  conclusion 
that  ihe  Nemcrtines  represent  an  ancient  and  primitive  stock 

I  in  which  nn  apparatus,  otherwise  so  stahle  hu  the  central  nerve 
chain,  U  subject  to  interesting  variations,  which  point  to 
higher  Btage«   of  ditfeittititition,    appacentl}-    viitlv    apart, 

I  which,  however,  are  reached  in  other  subdivisions  oftlie 
auima)  kingdom. 

s.   7%e  tide  ctrgaM.^lhe  curious  apparatus,  accessory  to 

'  the  Ncmertean  brain,  which  has  been  designated  by  so 
many  diverse  names  (side  organs,  cephalic  sacs,  ciliated 
furrow,  cephalic  grooves,  &c.),  is  here  for  the  first  time 
studied  In  the  tight  of  comparison.  Tlie  author,  who  has 
had  at  his  disposal  all  the  different  genera  of  European 
Nomerteans,  has  been  able  to  study  this  apparatus  in  the 
most  various  stages,  and  develogw  his  views  as  to  its  jtrobable 
phylogenelic  development,  baaing  his  views  in  the  first 
place  on  the  comparative  anatomy,  and  secondly,  on  certain 
facts  which  recent  embryologicat  observations  have  brought 
to  light. 

I'he  lowest  slase  of  differentiation  of  this  apparatus  is 
present  in  CarineUa  atmulata  (we  leave  Cephahthrix,  where 
jt  seems  to  be  altogether  absent,  out  of  consideraiiou),  in 
which  genus  the  epidvrm  shows  a  transverse,  shallow  fur- 
row, which  ia  interrupted  in  the  median  line  of  the  back, 
slightly  bent,  and  situated  about  in  a  level  with  the  middle 
of  the  brain.  This  groove  is  ciliated.  Series  of  transverse 
and  horizontal  sections  showed  no  traces  of  any  compUcn- 
tion  of  this  arrangement  (PI.  XXIU,  fig.  2J.  Where  this 
furrow  is  situated,  the  distance  separating  the  nerve-cells 
from  the  external  ciliated  surface  of  the  body — a  distance 
which  all  along  the  ncrvc<truuks  is  very  insignificant  indeed 
— is  still  more  reduced,  and  the  facility  for  osmotic  inter- 
course augmented. 

Carinma  iaexpectaia,  a  new  species  which  the  author  has 
flMwhere  described,'  agrees  with  Carinella  <utnuUua  in  nil 
general  respects.  It  differs  from  it  in  showing  the  apparatus 
just  described  more  complicated  by  a  few  steps.  Instead  of 
ihe  simple  exterior  transverse  groove  this  species  carries 
short  parallel  grooves  placed  perpendicular  with  rebpcct  to 
the  one  larger  transvente  one  and  confluent  with  it.  In  the 
middle  of  uiis  transverse  groove,  strictly  laterally,  there  ts 
n  small  opening  leading  into  a  ciliated  duct.  This  duct  pene- 
trates the  ectodermic  tissues,  and  immediately  enters  amidst 
'  '£lot«s  from  tbe  Leydeu  Muscnio,  vol.  i,  p.  93. 
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the  ganglion  cells  of  the  hniin.  It  there  appeari  to  termtiut* 
blindly  (PI.  XXIII.fig.  S.)  In  all  other  respects  the  itructon 
of  the  brain  and  nervous  sy stem  closelj  ajp-eea  with  C.  amnu' 
lata. 

A  further  degree  of  complication  is  attained  in  Potia, 
where  the  brain  no  longer  lies  immediately  under  the  epi- 
tlerm,  but  is  separated  from  it  by  intcrveuing  muscular  tissue. 
Rxleriorly  the  ciliated  transverse  grooves,  with  numerous 
small  transverse  furrows  perpendiculiir  to  it,  have  very  much 
the  appearance  of  the  gmoves  in  Carin&lla  inezpectaia. 

Sections  show  that  nere  the  ciliated  duct  lraTerse«  the 
muscular  tissue  as  well,  enters  between  the  nerve-cells  of  the 
brain,  at  the  samo  time  making  n  double  bend  (PI.  XXIII, 
5g.  4],  and  finally  terminates  in  what  appears  to  be  a 
more  or  less  swollen  enlargement.  Another  complicalion 
has  taken  place,  in  bo  far  as  the  brain  is  no  longer  a  simple 
enlargement  of  the  lateral  trunks,  bnt  iii  split  up  into  lobes, 
two  dorsal  ones  and  two  ventral  ones.  Moreover,  the  dorsal 
lobe9  ure  sejiarated  into  a  larger  anterior  and  a  smaller  no6- 
lerioT  portion,  applied  to  the  former  ns  a  sort  of  cap.  That 
such  a  separation  exists  is  rarely  visible  by  transparency ;  it 
can  only  he  clearly  made  out  in  horizontal  sections.  Only 
into  this  third  portion  of  the  brain,  in  this  posterior  dorsal 
lobe,  the  ciliated  canal  communicating  witli  the  exterior 
penetrates.  In  its  turn  this  [lostcrior  cerebral  lolx?  is  capped 
over  postero-medially  hy  a  layer  of  larger  cells  with  distinct 
nuclei,  which  in  their  apijearance  strongly  resemble  the  cells 
belonging  to  the  coating  of  the  nesophagus,  which  celU  lie 
in  their  immediate  vicinity  i"  the  samo  section.  The  situa- 
tion  of  this  layer  of  cells  is  indicated  by  a  paler  lint  in 
PI.  XXIII,  fig.  4.  Further  down  we  shall  mention  the 
author's  views  respecting  the  morphological  significance  of 
this  group  of  cells. 

In  all  the  ScBizoNBMBitTiN[  the  external  appearance  of 
the  apparatus  is  considerably  different,  in  so  far  as  there  is 
no  more  any  transverse  furrrow  or  small  opening  of  the 
ciliated  canal,  but  two  tlecp  longitudinal  slits  on  each  side 
of  the  head,  situated  between  the  mouth  and  the  tip  of  the 
snout.  These  slits  penetrate  deeply  inio  the  muscular 
tissue  of  the  head,  and  in  the  bottom  of  thcni  the  lobes  of 
the  ganglion  stand  out  more  or  less  freely,  only  protected 
by  a  very  thin  layer  of  tissue.  Their  internal  surface  is 
covered  hy  numerous  and  long  cilia,  and  in  their  postero- 
medial portion  they  are  continued  into  the  ciliated  canal 
which  liere  penetrateii  into  the  third  (posterior)  ganglionic 
lobe.     Tbe  author  regards  the  cephalic  slits  in  tluK  suborder 
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(to  which  the  majority  of  hitherto  known  Ncmertoans 
belong)  iis  entirely  homologous  with  the  simple  opening 
described  for  Polia,  Valenrmia,  ifc.  y  this  opening  having 
here  been  widr-ned  out  and  deepened  for  purposes  m  direct 
conneclioa  with  ihe  Btrougly  uugitiented  amount  of  haemo- 
globin contained  in  the  nerve-eeltSf  and  with  thu  scarcity 
of  oxygen  in  those  pUces  where  the  species  of  this  suborder 
are  found  (deep  in  the  mud,  under  stones,  or  in  decaying 
matters  on  the  sea  bottom).  The  respiratory  function  of 
these  slitF,  which  wii>i  tested  by  the  author  in  different 
Hhysiological  experiments,  described  in  the  original  memoir, 
can  be  exercised,  let,  at  the  surface  of  the  two  pairs  of 
anterior  lobes,  where  iliesc  are  externally  visible  at  the 
bottom  of  the  slits,  and  Jind,  in  a  more  complete  way  inside 
the  third  (posterior)  cerebral  lobe  (which  has  here  become 
Bomewhat  more  sepiinited  from  thu  auteriur  than  whk  the 
case  ill  Polia),  where  the  cibatcd  duct  with  its  continual 
current  of  fresh  seswater  is  iunnediatidy  surrounded  by  the 
lia;int^lobiiious  nerve-cells  (see  ri.XXIll.fiy.  5).  In  soraeof 
the«e  species  the  ciliated  canal  divides  into  two,  one  penetrat- 
ing among  the  nerve-ceils,  the  other  apparently  remaining 
more  externally  situated  in  relation  to  the  gimglionic  lobe. 
both  liave  blind  terminations,  and  never  show  any  trace  of 
a  special  sensory  epillielial  layer.  The  accessory  mass  of 
large  cells  (pale  in  fig.  o)  is  somewhat  more  conspicuous  hut 
occupies  the  sAme  place  as  in  Polia. 

In  the  HopLONEMBRTiNt  differentiation  has  gone  on  along 
another  tract.  The  transverse  furrow  has  not  been  modified 
into  R  longitudinal  slit,  but  in  certain  genera  (Drepano- 
phorus,  Amphiporuii)  it  is  even  provided  with  short  longi- 
Tudinal  grooves  perpendicular  to  it,  exactly  as  it  is  found 
in  Polia,  whereas  in  other  genera  these  secondaiy  short 
grooves  are  absent.  Inicrnnily,  another  important  change 
is  the  entire  sepavalion  of  (he  posterior  cerebral  lobe  from 
the  anterior  dorsal  one,  with  which  it  is  still  so  closely 
united  in  Polia,  and  with  which  it  is  here  only  connected 
by  one  or  more  nervous  commissures.  With  this  separation 
a  greater  independence  in  its  position  has  been  gained :  it 
may  citbcr  be  situated  buhiiid,  un  a  level  with,  or  before 
the  reNt  of  the  brain.  Here,  at,  in  Polia  and  the  ScitizoNE- 
MHRTiKl,  there  Is  a  group  of  cells  of  quite  different  appear- 
ance coalesced  with  the  ganglion  cells,  which  Latter,  however, 
form  the  bulk  of  the  posterior  lobe ;  but  here  a  ciliated 
space  or  canal  remains  free  in  the  midst  of  thin  accessory 
maw  of  celb.  The  primary  ciliated  caual  penetrates  froia 
the  exterior  into  the  mid&t  of  the  true  ganglion  cells;  into 
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it    the    socutttl   ciliated   canal   above  mentioned   opeiu,  u 
in<licai«a  in  the  figun  (PL  XXUI.  fig.  6). 

Summarising  the  different  phaica  in  which  this  acctmatj 
Apparatus  to  the  brnio  is  found  in  tho  various  formi  of 
Nem>.-rteaii8,  >re  hnve — a.  A  simple  transrerse  furrow  in  the 
c]>tflcrm,  on  ti  l«vcl  with  the  brain,  which  lies  inunediatoljr 
uiidLT  the  epiderm.  6.  A  slight  complication  of  thv  funow, 
and  ati  extornal  opening  from  which  a  short  canal  leads  into 
the  mass  of  ncrvo'cella  from  the  brain  (which  in  position  aud 
•tt-iicture  has  undergone  no  change),  c.  A  reparation  of 
the  lirain  into  three  lobes,  into  the  poslenor  one  of  which  the 
ciliated  canal,  perforating  the  muscles  inid  n[ieniiig  exteriorlft 
penetrates,  whilst  a  maas  of  cellit  strongly  resembling  the 
odb  of  the  wall  of  the  (i<t>ophiigus  coalesces  with  this  pos- 
terior lobe.  At  the  same  time  we  have  sub.  c,  the  three 
following  modifications  :-~ii.  The  external  furrow  a«  in  b, 
the  internal  canal  simply  bent.  ^.  The  external  opening 
modified  into  a  deep  longitudinal  slit  on  Ijoth  sidee;  the  in- 
ternal canal  either  simply  bent  or  di\'ided  into  two.  y.  Tbe 
external  furrow  as  in  &  and  ca;  llie  ciliated  canal  diridcv 
into  iwoj  one  branch  situated  amidst  the  true  ganglion  cells, 
the  other  in  the  accessory  mass  of  cells. 

A»  to  the  development  of  the  apparatus^  it  has  ae  yet  only 
been  studied  in  a  few  epeciea.  From  the  results  arrived  at 
by  Met$ehmio;lff  ■  Lmekart,  Pagenateeher,  BiiiseMi,  and 
Barrou,  the  author  feels  justified  in  concluding  that— 1st. 
The  exterior  opening  and  ciliated  canal  leading  amongst 
the  ((anglion  cells  of  the  brain  are  an  invagination  from  the 
ectoderm.  2nd.  The  mass  of  larger  cells  (indicated  by  lighter 
shading  in  the  figs.],  in  which  itometimes  a  ciliated  epaoe 
persists,  is  an  outgrowth  from  tlio  msophagus,  afterwards 
separated  from  it ;  by  coalescence  with  the  invagination  of 
the  ectoderm  the  internal  sjKice  sometimes  communicates 
with  the  exterior.  3rd.  The  bulk  of  the  apparatus  is  directly 
derived  from  the  brniu,  with  which  it  remains  in  more  or 
less  intimate  connection. 

The  facts  mentioned  under  the  sucund  heading  would  be  a 
strong  argument  in  favour  of  this  apparatus  having  a  respi- 
ratory function.  The  gills  of  Balonoglossus  develop  in  the 
same  way ;  whereaa  here  it  is  the  blood  Euid  with  which 
similar  outgrowths  of  tlie  o^ophagus  become  more  intimately 
connected,  it  is  in  Ncmerteans  the  hfcmoglobinous  netn- 
tissue. 

Tlie  author  is  not  unwilling  to  recognise  that  in  the 
higher  differentiated  IIopLOXr.HKBTiifi  the  apparatus  may 
gradually  lose  its  significance  as  a  special  respiratory  centre. 
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especially  because  here  the  circulation  is  more  perfected  and 
the  Mood-corpuscles  are  hu-moglobiooufl  themselves,  the 
nerve* tissue,  at  the  same  time,  losing  its  deep-red  tinge. 
Only  he  adds  thnt,  not  being  able  to  detect  any  sensory  epi- 
thelium in  those  organs,  lie  in  provisionally  inclined  to  doubt 
whether,  after  having  lost  their  primary  respiratory  sip;nifi- 
cnnce,  they  <>ver  become  secondarily  modiBvd  into  u  sense* 
organ  in  the  higher  differrntiatcd  forms. 

c  Histology  of  the  nerve-eentres,  peripheral  tiei'ves,  Sfc. 
— RespectLDg  the  further  histological  nnd  anatomical  results, 
■we  nisy  rapidly  note  the  fully»ving; — The  ganglion  cells  in 
tlio  brain,  in  all  genera  above  Cannelia  and  Cephalotrix, 
surround  the  central  mass  of  nerve-fibre  on  all  sides.  This 
fibrous  "  skeleton"  of  the  central  ap|)urittus  is  Ggured  for  the 
ScHizoNKMKKTiM  in  Fl.  XXIII,  fig.  1;  the  right  doraal 
lobe  is  supposed  to  have  been  removed  in  order  to  show  tho 
ventral  ooe.  The  fibrous  uerve-subslance  is  indicated  by  a 
paler,  the  cellular  by  a  darker  tint.  The  general  shape  and 
aistributioD  of  this  fibrous  nucleus  of  the  brain  may  be 
gathered  &om  the  figure;  ilisalsoconlinued  into  the  posterior 
brain  lobe. 

A  Teiy  thin  homogeneous  layer  separates  the  fibrous  from 
the  cellular  nervc-suhstance ;  the  processes  of  the  netve- 
cclls  (very  few  multipolar,  tho  majority  apparently  unipolar] 
are  oeen  lo  perforate  this  homof^cneous  layer,  and  to  pene- 
trate into  the  central  fibrous  substance.  The  larger  nerves 
for  tho  eyes  and  the  tin  of  the  enout,  those  for  the  proboscis, 
and  those  for  the  oesophagus,  are  »eeti,  as  well  on  couipresaion 
as  in  sections,  to  take  their  origin  in  this  central  fibrous 
aerve-ikeleton.  The  two  latter  sets  of  nerves  arelfor  the 
first  lime  conectly  described  by  the  author.  For  CarineUa 
bo  succeeded  in  demonstrating  the  direct  passage  of  strong 
nerres,  leading  the  bialn  close  to  the  ventral  commissure 
iiUu  the  proboscis,  where  they  continuo  their  course  longi- 
tudinally between  the  muscular  and  the  cellular  coating. 
Identical  nerves  were  clearly  made  out  in  certain  ScHizo- 
X&UBKL'iM,  and  for  some  of  the  Hoplonemertini  ton 
jKattiel's  suggestion  that  McIntosh'B  *'  beaded  layer"  in  the 
roboftcis  of  this  group  is  of  a  nervous  nature  was  fully  con- 
rm«d,  and  at  the  same  time  the  distribution  of  delicate  and 
numerous  nerve-twigs  going  to  the  papillre  of  this  proboscis 
was  made  out. 

Next  10  this  proboscidian  nerve  another  strong  nerve  leaves 

be  brain, springing  from  the  posterior  portion  of  the  inferior 

obes.     This  pair  of  nerves  is  present  in  all  Ncmcrteans,  and 

is  intended  for  the  anterior  portion  of  the  alimentary  canal. 
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on  the  surface  of  which  tt  is  subject  to  fiirthrr  dichotomic 
jtTi»ion.  To  thU  nerTc  the  nathor  aMJ^s  die  name  of 
iV.  vaffus,  a  term  already  employed  by  Leydig  for  other  In- 
vertcbratee,  and  receully  misapplied  by  iieniper  (who  wb« 
then  unacquainted  with  the  presmee  in  NemerteAiis  of  a 
nerve  such  as  the  one  here  nientioiiedj  to  the  dorsal  com- 
mtseure  of  the  cerebral  ganglia  in  Nemertines. 

A.  thin  longitodinal  nerve,  origiuating  from  the  dorsal 
commissure  and  situated  medially  and  dorsally,  is  looked 
upon  by  the  author  as  a  special  nerve  for  the  proboscidian 
chamber  (PI.  XXIII,  fig.  1). 

The  anal  oommissure,  situated  aioce  the  intestine  men- 
tioned abovej  presents  no  further  particulars,  ila  high  mor- 
phological interest  depending  on  the  fact  of  its  causing 
the  wliole  of  the  paired  symmetrical  central  nervous  system 
present  throughout  the  whole  length  of  the  auimal  to  be 
situated,  io{;etner  with  all  the  three  transverse  commissures, 
at>opfi  the  alimentary  canal. 

The  system  of  peripheric  nerves  is  not  exhaustively  treated 
of  in  the  present  pnper  ;  the  author's  investigations  on  this 
point  being  not  yet  terminated.  Still,  certain  points  which 
may  eventHftlly  prove  to  be  interesting  are  already  noticed. 
Whereas  in  the  I[Di'LOKHHKRTi.Ni  where  the  lateral  nerve- 
trunka  are  situated  inside  of  the  muscular  body  wall,  small 
pairt).  of  nerves  springing  from  those  trunkft  ])Uced  roeta- 
mcrically,  and  dislributing  themselves  to  the  musculnr  coata 
of  the  hotly  wall  can  easily  be  iletected,  no  such  transverse 
slemJi  to  the  longitudinal  trunks  could  be  detected  in  the 
ScHizoNBMKRTiNi.  0«/y  Itete  the  author  found  a  cellulur 
layer,  icfiich  he  holds  to  be  a  Jiervotts  layer,  encircling  the 
body  in  the  way  of  a  tunic,  and  situated  in  a  free  space  be- 
tween the  outer  longitudinal  and  the  circular  muscular  layers 
(PI.  XXIII,  fig.  12,).  The  cells  of  this  layer  are  mullij>oliir. 
connected  together  as  a  sort  of  network,  and  uninterruptedly 
passing  into  the  gnnglion  celle  ensheathing  the  longitudinal 
trunks.  Further  details  on  the  structure  and  signiBcanc«  of 
this  layer  are  postponed  by  the  author  to  a  future  paper  on 
this  subject. 
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On  the  Stkcctuxb  of  the  Nbphridia  of  the  Medicinal 
Lbbcm.  By  A.  G.  BoI'knb.  Assistant  in  the  Zoological 
Laboratory  of  University  Coltegej  London.  (With 
rifttci  XXIV  and  XXV.) 

The  tnvcfltigauon  into  the  structure  of  the  ao-called  aeg* 
mental  organs,  or  (better)  "  nephridia  "  of  the  medicinal 
Leechj  o(  which  the  following  pagfls  give  an  account,  was 
undertaken  at  the  suggestion  uf  Professor  Lankester  and 
carried  out  under  his  direction  and  with  his  supervision  and 
adrice  in  the  zoological  laboratory  of  University  College, 
I^ndon.* 

A  aeries  of  venr  successfully  prepared  sections  of  the 
I^ech,  made  by  Mr.  J.  E.  Blomfield,  of  Oxford,  at  present 
Demonstrator  in  Prof.  Lankester's  laboratory,  had  sufficed 
to  draw  our  attention  to  a  number  of  interesting  points  in 
the  minatc  structure  of  that  animal. 

Amongst  others.  Professor  Lankester  especially  pointed 
out  the  remarkable  structure  of  the  constituent  cells  of  the 
nophridia,  each  cell  being  either  perforated  by  a  simple  duct 
or  having  within  its  substance  an  nrboreBceiit  extension  of 
the  ej'Stem  of  duct«,  common  to  th<f  whole  [jhind.  J:'urtlier, 
each  cell  was  ecen  to  bo  enclosed  in  a  mesh  of  tho  capillary 
•yatcm  filled  with  red  fluid  (the  hwrnal  system),  which  is 
spread  throughout  the  tissues  of  the  medicinal  Leech. 

1  undertook  the  more  thorough  investigation  of  these 
Blruetures  with  two  objectB  in  view.  In  tho  first  pluce,  since 
the  community  of  origin  of  the  renal  oigaii  of  Vertebrates, 
Worms,  and  Molluscs,  had  become  a  well-established  tLeory, 
it  cannot  but  be  a  matter  of  the  first  importance  that  the 
complete  anatomy  of  the  various  modifications  of  the  t>  pical 
"  KKPURiDlDM  "  fas  Professor  Lankester'  has  termed  the 
ainglc  excretory  tubH  from  the  multiplication  or  branching 
of  which  more  complex  forms,  such  as  the  "  primitive  kid- 
ney "  or  archi-NBPHBOH,  have  been  derived)  should  be  care- 
fully worked  out. 

In  the  second  place,  it  is  known  that  in  Leeches  this 
organ  presents  very  wide  differences  of  structure  in  different 
genera,  differences  which  appear  to  go  hand  in  hand  with 
corresponding  n.oditicalions  of  the  htemnl  system,  and  I  was 
therefore  anxious  to  obtain  a  complete  knowledge  of  the 

*  See  ku  "  ObMrraticios  on  t)ie  Microscopic  Anatomy  of  tLn  Tjcodi/'  ia 
lUie  *  Zooloff.  Aoecigei,*  ISBO,  No.  49. 

»  "  Notes  on  Embrjolf^  and  Classificalicm,"  this  Journal,  187?. 
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arraiigetnc'iils  obuintng  id  Hirudo  rrudteiruiiit,  ia  order 
subsL-quciilIy  to  compare  with  the  oephridia  of  that  form — 
UuMC  of  Nepbelis,  Clepsiiief  uid  I'ontobUellM. 

I. — CvHBBXT  Statements  as  to  thk  Nephbioia  op  thb 
Medicinal  Ls&ch. 

Omitting  detailed  reference  to  the  writinn  of  De  BUiii- 
Tille,  to  Brandt  ami  Unlzehurg**  "  Medtzinische  2ooloffie," 
and  to  Moquiii  Taiidoii's  vitltiable  "  Monograpliie  de  lu  fnmille 
doa  Htrudtnt^es."  I  shall  here  ^ve  brief  extracts  from  Gni> 
tiolct,  from  Lcuckatt,  from  Leydig,  and  from  Gegenbaur,  in 
order  to  show  what  ii  the  present  state  of  our  knowledge 
as  to  the  nepliridta  of  thi-  l.<et:ch. 

In  1850  Gratiolct  published  a  memoir  in  the  Freucli 
Academy's  eeries  on  the  "  Circulation  of  the  Medicinal 
Leech,'*  and  itt  186S  another  paper  on  this  subject  ("  Ann. 
des  Sciences  Nat./'  Ser.  iT, '  Zool.,*  1863). 

Gratiolel  says : — '*  The  segmental  organs,  as  Dr.  Williams 
has  cBlIeU  them,  have  been  constderetl  as  appareils  aquif^ea 
(?  water  vessele),  as  tracheal  or  refipiralory  organs,  or  as 
mucous  glands  ;  further,  Dr.  Williams  (Joe.  n't.)  bag  sug- 
gi^pted  that  these  segmenial  organs  are  the  true  ovaries  in 
all  the  annelids.  They  are  seventeen  in  nvimber  OD  each 
side  of  the  body.  Each  is  constituted  by— 1.  A  tube  with 
thick  glandular  wralls.  2.  A  vesicle  behind  the  tube,  open- 
ing on  the  ventral  surface  of  the  animal  by  an  excretory 
orifice.  The  tube  is  bent  up  into  a  narrow  loop,  the  much 
attenuated  branches  of  which  end  by  anastomosing;  it  is 
spread  iulo  a  '  Bliug,'  and  then  bent  buck  into  a  right 
angle,  one  extremity  of  the  'sling'  being  nearly  vertical, 
the  other  directed  honzontally  forwards,  and  ending  by  being 
rolled  on  itself  in  a  sort  of  bud,  the  firfit  and  much  the 
thickest  end  being  more  or  less  dilated  according  to  itei 
position."  GratioVet  means  by  this  that  the  two  halves  of 
the  lole  folded  on  itself,  which  forms  the  vertical  portion, 
may  lie  dose  together,  or  l«  stparated  by  an  interval. 

He  continues: — "The  two  brnnchcs  of  the  loop  are 
similar  in  structure,  the  anterior  diffffring  from  the  posterior 
in  having  a  canal  at  the  lower  end  of  the  vertical  part, 
which  opens  on  the  upper  wall  of  the  well-known  oval  or 
sphencal  vesicle. 

"  In  front  of  the  scriee  of  testes  the  upper  parls  of  the 
loops  are  much  dilaled  ;  the  lower  part  bends  forwards,  and 
end  in  the  above  mentioned  bud;  to  this  in  ibe  segments 
contaiuing  the  testes  is  added  a  small  cereal  process,  which 
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leads  ia«vut]«  (oward  the  middle  line;  these  processes  end 
blindly  oil  llic  upper  surface  of  the  tCHteu.  The  two  ue- 
phridia  bihind  t)i<?  last  ttistis  al&o  posiiesH  these  cseca,  which 
are  directed  inwards  anil  end  in  tlic  same  way. 

"  Thii  coonection  ivith  tlie  testes  is  very  iiit«resLiag,  iib  it 
reproduces  in  a  very  fiif^iiiticaut  manner  the  relatious  which 
certiiin  analogoui  organs  have  with  the  te«tes  id  the  Oligo- 
chjcu." 

Grntiolet  continues: — "Various  erroneous  views  have  been 
entertained  with  regard  to  the  vetiicleB  ;  they  have  been 
thought  to  be  traoheffi  or  spiracles  by  Schlacht  and  Dibtena, 
and  Tbomast  Dag^s,  and  Audouiu  have  cuuaidered  thsm  as 
lungs.  I)ug^  has  thought  that  the  glandular  part  mi(;ht 
be  a  sort  of  heart. 

"  It  is  not  absulutelv  coDlcary  to  probability  to  consider 
them  a4  wnter-vessels,  but  how  they  could  subserve  ocrinl 
respiration  is  ditKcult  to  explain. 

"  Nevertheless,  these  hypotheses,  however  rash  they  luny 
iiavc  beeuj  are  nothing  to  that  which  has  recently  been  put 
forward  and  defended  by  Dr.  Williams. 

"According  to  this  author,  the  glandular  parts  are  the 
norma]  ovariee.  The  eggs  devclope  and  ripen  in  their 
branches,  l^xch  complete  segment  of  the  body  has  thus  ite 
female  j^euilal  oi^u — its  ovary." 

Oratiolet  agrees  with  I>e  BUinville,  Brandt,  and  Moquin 
Tandon  that  these  organs  arc  secretory — are,  in  fact,  renal 
organs.     D*Udekeai  has  also  shown  this  to  be  the  case. 

Gratiolet  considers  that  thoy  also  serve  to  keep  the  skin 
tnoist  while  the  animal  is  out  of  the  water,  and  correlates 
the  greater  power  the  metlicinal  Leech  has  of  slayiug  out  v( 
water  compared  with  that  of  the  Horse  Leech  witli  the  larger 
eine  of  these  organs  in  the  former  animals.  Leydig  has 
shown,  bowever,  that  unicellular  glands  open  all  over  the 
surface  of  the  skin,  and  these  would  serve  to  keep  it  moist, 
just  as  ID  land  Planarians,  the  frog,  and  other  terrestrial 
animals  which  possess  a  moist  skin. 

I  see  no  reason  to  suppose  that  the  ncphridia  of  the  Leech 
have  any  such  mucous  lunclion. 

Leuckart  ('  Die  Menschlichen  Parasiteii,'  vol.  i,  1863)  hat 
given  a  brief  description  of  the  nephridia.  The  most 
important  new  fact  he  mentions  is  that  the  rcBicIe  has  con- 
siderable contractile  power,  wliich  is  proiluced  by  a  delicate 
niuscle  which  lies  outside  the  tunica  propria.  The  inner 
surface  of  this  membrane  bears  a  tincly  granular  parchment 
epitbelium  composed  of  large  cells. 

Leuckart  also  states  that  there  axe  muscle-fibres  in  the 
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walls  of  the  veutral  duct.  TliU  1  liave  not  fouud  to  be  Uie 
case. 

]j«ydig  ('  Histologic  des  Menschenund  der  Thiere ')  ft<lded 
to  jirevious  knowledge  of  the  genvral  form  of  the  nephridit 
of  the  Leeches  (which  was  largely  due  to  bis  own  researches, 
especially  th&t  entitled  "  Zur  Auatomie  von  Piscicola," 
'  Zeitsch.  wie«.  Zoologie,*  vol.  i),  an  tmportAut  fact  of  minute 
etruclure  in  which  it  is  now  kuuwn  to  afi^rec  wiLh  the  iie- 
phridin  of  <imne  other  types,  such  as  earthworm  and  larval 
rulmonatc  GaslrojKxls.  lie  showed,  in  fact^  hy  a  figiire  to 
which  there  is  uo  further  allusion  in  the  text,  that  the 
gland-cells  of  this  organ  arc  perforated  by  ducts,  so  that  the 
cells  haTe  the  form  of  hollow  cylinders;  but  he  did  not 
observe  the  more  complicated  coiiciiiion  of  arborescent  ducts 
discovered  by  Lankeater,  which  1  shall  describe  hereafter. 
The  perforated  colls  figured  by  Lt-ydig  in  hin  '  Histologie* 
were  from  the  nephritlium  of  nwjinopis.  ClapHrede  &r«t 
showed  that  such  was  aUo  the  relation  of  duct  and  cell  in  the 
npphridiuui  of  the  common  earthworm  ("  Histol<^e  dcs 
ReKenwurms,"  '  Zeitsch.  wiss.  Zool.,'  vol.  1869). 

Gegenbaiir  wiis  the  first  to  point  out  the  complicated 
labyrinthine  clKiracter  of  the  rlucls  of  the  nephridjuui  uf  the 
Leech  when  comparing  that  organ  with  the  nephridium  of 
the  earthworm  {'  Zeitsch.  \\i*».  Zool.,  vol.  iv),  which  he  was 
the  first  to  describe  accurately.  The  condition  of  knowledge 
at  the  time  when  Gogeiibiiiiv's  observations  were  pub- 
lished [five-niul-tweniy  years  ago)  did  not  require  a  miuuie 
histological  account  of  these  oi^nns,  and,  acconlingly,  we  do 
not  find  histological  df^tails  in  his  memoir.  KxcujUing  for 
the  figure  of  cells  fnim  the  nephridium  of  Ilicmopis,  pub- 
lished by  Ijcyilig,  there  appears  to  have  Wen  no  attempt  to 
inquire  further  into  the  structure  of  this  organ  during  Inter 
years;  and  we  have  the  following  account  in  Gegenbaur^s 
'  Elements  of  Comparative  Anatomy  '(English  edition,  1879), 
which  may  be  taken  as  reprc^cnling  the  actual  state  of 
knowledge  with  regard  to  them.  It  will  be  observed  as  an 
important  point  distinctive  of  the  nephridia  of  the  genus 
liirudo  that  tio  internal  opening  ha*  been  observed  leading 
from  the  body-cavity  into  the  duutuf  ilie  nepliridium,  and  to 
ihc  possible  existence  or  non-existence  of  such  an  opening 
my  observations  have,  inter  alia,  been  carefully  directed. 

Gegenhaur  says  (p.  176}  : — "  So  far  as  thesiructure  of  the 
excretory  organs  is  concerned,  few  fresh  chariiciers  iippcnr  in 
llie  Annulaia  (Hirudinca,  Oli^ocliiet.1,  Clia'tupoda).  The 
organs  cotreepoud  to  the  metamerism  of  ikc  body,  for  they 
are  regularly  disitibuied  on  either  side  of  almost  every  one 
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of  its  Mgmenls.  They  have,  therefore,  though  with  hut  little 
reaHun,  heea  called  '  segmental  organs/  a  name  which  is 
just  as  suitable  for  many  uliier  orgaim.  Each  of  them  con- 
sists of  B  closely-coiled  or  loop-like  canal  (Schleifen  canale), 
which  has  an  ioteriial  opeuing,  often  peculiar  in  form  »tid 
alnays  ciliated,  and  which  opens  at  the  other  end  on  to  the 
surface  of  the  body.  Thia  canal  ia  som«timc8  similar  in 
character  throughout  it»  whole  length,  or  hut  slightly  cJif- 
fereutiated  ;  frequently  several  segments  may  be  made  out 
in  it,  which  generally  correspond  with  those  already  de- 
scribed in  the  Platyhetmiuthcs  and  Rotatoria.  The  iiioer- 
most  portion,  vn  which  the  opeuing  into  the  ca-Iom  is  placed, 
is  ordinarily  the  longest;  it  is  dietioguishtid  by  its  funnel- 
like  or  tosetlc- shaped  orifice.  In  the  next  portion  the  walls 
may  be  seen  to  be  glandular  in  structure.  The  lunt  porliuu, 
which  ia  frequently  widened,  is  provided  with  n  layer  of 
muscle  ;  it  almost  always  opens  on  to  the  ventral  surface, 
These  organs  are  no  more  purely  excretory  Irt  function  than 
iliey  are  in  other  Vermes,  for  wc  nut  unfrequently  find  them 
entrusted  with  other  functions. 

"  In  the  Hirudinea  these  organs  arc  preceded,  in  ihe  em- 
bryonic siagv,  by  three  pairs  oi  looped  canals,  which  are  not 
connected  with  thoEH  formed  at  a  later  stage ;  they  are  found 
in  the  posterior  half  of  the  ventral  surface.  In  structure 
they  are  similar  to,  but  simpler  than,  the  permaiitinc  canals, 
and  disappear  after  these  are  dcvehiped.  This  most  impor- 
tant fact  shows  that  the  looped  canals  of  the  Aunulata 
cannot  be  regarded  as  the  direct  horauloguee  of  the  excretory 
organs  of  the  lower  Vermes;  at  the  same  time  arises  the 
question.  Are  the  looped  cauals  of  those  Annulata,  which 
show  no  signs  of  primitive  organs  of  this  kind,  comparable 
to  the  permanent  looped  canals  of  the  Hirudinea,  or  only  to 
the  primitive  ones  ? 

"  In  their  more  special  charncters  there  ia  great  variety 
among  the  Hirudinea,  the  canals  in  one  division  having  no 
internal  opening.  Instead  of  this  they  hc}{in  with  a  closed 
portion  in  the  form  of  a  loop,  which  consists  of  numerous 
canals  united  with  one  another  into  a  labyrinth  (Mirudo). 
From  these  looped  organs  a  single  canal  in  given  off  which 
opens  by  a  vesicular  enlargement  on  the  surface  of  the  body. 
In  others  (Ciepsine,  N/tj)helJs)  the  labyrinthine  portion  is 
piesent,  but  it  has  an  internal  opening,  wiiich  projects  into 
ihe  lateral  blood-sinusos  of  the  htHiy." 

I  may  he  allowed  further  to  cite  a  statement  of  Mr. 
Balfour's  relative  to  the  nephriilium  uf  the  Leech,  whicli  will 
serve  to  illustrate  the  view  generally  eutertained  as  to  its 


2g8  A.  a.  B0Dku>. 

structure.  After  describiDg  (iliis  Jounmlj  1S79,  p.  4S&) 
the  segmental  organs  (ncpliridia)  of  tlie  iDtftesting  Qtutho- 
IMxI,  Pcrtputui,  as  consistiag  of  1,  a  dilatod  vniclu ;  i, 
8  coiled  giiuiduUr  tube;  3,  a  stiurt  terminal  portton,  he  pro- 
ceeds  to  say  tlial  though  formed  on  a  type  of  their  own,  the 
segmental  organs  of  I'eripatuB  muTv  ckmoIt  rcscubles  those 
of  the  heech  than  of  any  other  form.  The  facta  of  the 
structure  vhich  I  have  to  record  as  the  result  of  my  studio 
do  not  allow  mc  to  accept  the  view  that  there  is  any  special 
similariiy  between  the  simple  ntphridium  of  i*eripatua  «od 
the  complicnted  one  of  Ilirudo.  The  high  differentiation  of 
the  neubridium  of  Uiiudo  appears  m  fa£t  to  have  been 
overlooked  by  zoologists  generaUy. 

II.— Methods  of  I;m»TioATioTfJ 

1.  For  the  purpose  of  studying  the  ncphridium  entire  ami 
in  the  fresh  state.  Leeches  were  chloroformed  and  ptuucd 
in  n  gutta-percha  trough,  imd  opened  by  n  dorsal  median 
inci»ioi)>  the  trough  being  filled  with  normal  salt -solution. 
In  this  way  any  one  of  the  series  of  seveniceu  pain  of 
nephridia  could  be  dissected  out  whole  and  removed  to  a 
glass  slide  for  observation  under  ihe  microscope. 

The  transparency  of  the  organ  renders  this  method  of 
study  of  great  value. 

S.  In  order  to  obtain  permanent  and  stained  preparations, 
tilt  nephridia,  after  excision,  were  pUced  lu  J  per  ccul. 
osmic  acid  for  twenty  minutes,  washed  in  normal  salt  solu- 
tion or  dilute  alcohol  ami  then  stained  for  half*au-hour 
with  Aanvier's  picrocannin.  Finally,  they  were  mounted 
in  glycerine. 

Other  whole  preparations  of  great  value  in  the  difiicult 
task  of  following  out  the  course  of  the  ducts  and  ductules, 
were  obtained  by  placing  whole  nephridia  in  absolute 
alcohol,  slaiuiog  with  hn;niatoxylin,  clarifying  with  clorc- 
oil  and  mounting  in  Canada  balsam. 

S.  Teaxed  preparations  for  the  purpose  of  studying  the 
minute  characters  of  the  tissues  composing  the  organ  were 
used.  The  nephridia  were  tcazcd  cither  fresh,  in  salt  solu- 
tion or  in  osmic  acid,  or  after  abort  maceration  (twenty 
minutee)  in  nitric  acid  (20  per  cent,  in  water),  or  iu  Weiss* 
niann's  potash  solution  (40  parts  caustic  potash  to  100  parts 
water),  or  after  prolonged  niaceration  [six  mnnthsj  in  2  per 
cent,  aqueous  solution  of  potaseiium  bichromate.  The  latter 
method  yielded  valuable  results,  as  also  did  maceration  in 
y\  pec  ceut.  chromic  acid. 

4.  Tlic  method  of  silver-staiuiug  was  aUo  applied  to  fresh 
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iiepbridia  ia  order  to  a£cezUiu  the  structuce  of  the  walls 
of  the  blooil -res gels  and  of  the  duels  of  the  gland.  Au 
interesting  structure  in  the  substance  of  the  gland-cells 
themsclve*  ivus  revealed  by  this  method. 

5.  [njeciioti  of  the  vascular  sysicm  witli  soluble  Berlin- 
blue  was  practiced  with  some  success  so  for  as  the  injection  of 
tbo  finer  vesseUof  the  integument,  &c.,  was  concerned,  but  1 
have  not  succeeded  in  injecting  the  caiiillaries  of  the  ueiihri- 
dium  itself.  I  have  bt-cn  at  present  equally  unsuccessful  in 
injecting  the  du(Msof  the  nepnridium.  The  mode  of  iiijeclion 
made  use  of  was  that  used  by  Mut<eley  in  his  iukctious  of  in- 
sect8|  which  coiuistB  in  using  a  small  gloss  tube  drawn  out 
to  a  capillary  termination  gerring  as  the  nozzle^  a  caoutchouc 
tubo  being  attached  to  the  other  end  of  the  glass  tube.  Wlicii 
the  little  apparatus  is  iilled  with  injecting  iluid  it  suffices  to 
compress  the  caoutchouc  tube  in  order  to  obtain  sufficient 
pressure  and  Buffieient  flow  of  liquid  for  the  injection  of  very 
minute  organs.  I  also  made  wiili  Professor  Lankester  fomu 
injections  of  indigo  carmine  into  the  body  substance  uf  an 
uninjured  Leech  by  means  of  a  subcutaneous  syringe.  The 
Leeches  lived  well  after  receiving  a  cubic  centimetre  of  the 
indigo-carmine  sohitioi],  but  we  have  nut  as  yet  obtained 
any  definite  results  as  to  the  excretion  of  iudigo  by  the 
nepbridia  or  other  organs. 

6.  The  most  impnrtant  method  of  which  I  availed  myself 
in  conjunction  with  the  [study  of  whole  ncphridia,  ia  that 
of  eoction*cutting ;  sections  of  uephridia  were  obtained  either 
by  cutting  whole  Leeches  or  by  cutting  only  a  single  nephri- 
dium  and  its  surrounding  tissues  isolated  for  the  |iur|>03e. 

In  either  case  the  Leech  was  prepared  by  killing  with 
chloroform,  and  was  tnodcraitili/  alretched  by  means  ol  u  piu 
Hi  each  end  fixing  it  in  a  gutta-percha  trough.  Chromic 
acid  of  ^th  per  cent,  aqueous  solution  was  then  allowed  to 
act  OD  the  Leech  for  eighteen  to  twcuty-four  hours.  The 
specimen  was  next  removed  to  half  a  pint  of  alcohol  (60  per 
cent.),  and  removed  to  a  second  half  pint  on  the  foUowjug 
day.  After  three  or  four  days  in  the  second  quantum  of 
alcohol  seclions  should  be  cut  and  stained.  The  staining 
is  more  successful  in  recently  hardened  spccimciu  than  in 
thoM  whicK  have  been  preserved  many  mouths.  Chromic 
acid  was  preferred  fur  the  hardening  process  to  Kleiuvn- 
berg's  picnn  solution  or  to  pure  alcohol. 

The  sections  were  cut  by  the  aid  of  a  simple  screw  micro- 
tame,  and  from  forty  to  sixty  could  be  obtained  and  ])re- 
served  in  their  order  of  sequence  iu  the  region  of  a  siugle 
pair  of  nepbridia. 


Tlie   KciioDJi   wen  sUioed   in  sone  eman  with  h 

toxylin,  bul  uiually  with  Kanvier^A  picroeannine.  wfaicb 
bm  ■  rematkable  effect  upon  the  naturaltj  red-coloumt 
liutmal  fluid.     Thii  very  fmjuentljr  ii  staiaed  jellow  by  ihc 

fiicrin  aloae,  whilst  the  lurroanding  tissues  hare  «  more  n 
vM  complete  cAimine  ttaining.  Some  very  beautiful  pre- 
{mratioiis  wt-re  obtained  bjr  Mr.  J.  K.  Blomfield  by  staining 
with  two  pignurtita  in  succession,  rtz,  picrocartuine  and 
nnilin-blue.  Oil  of  clorei  and  Canada  balsam  were  used 
for  cluTifyin({  and  uiouritirig. 

Camera  lucida  drawinge,  under  a  moderate  power  of  the 
raiciotcopc  (Hartnack's  obj.  4)^  were  now  made  of  a  ccmpUie 
tvriei,  giving  all  the  sectioM  in  order  in  which  any  part  of 
a  sclccrfd  ncphridium  was  involved.  Such  a  aeriea  of 
dramings  compared  with  the  whole  nephridium,  and  with 
horizontal  and  iranovorse  sections,  has  enabled  mc  to 
thoroaghly  explore  this  somewhat  tortuous  and  uumplicaii 
hcAj. 


III. — Form  and  Beoions  op  the  Nephridium. 


The  nephridium  of  the  medicinal  Leech  is  not  the  simple 
loop-like  body  wilh  Inbyrinthine  duct  opening  into  a  vesicle 
which  it  has  been  held  to  be,  and  ench  as  it  was  drawn 
by  GratioleC.  In  the  testicular  region  of  tiie  body  tUo 
nephridiuni  hiib  the  forn)  which  1  have  diagram  mat  icaUy 
represented  in  Plate  XXIV,  fig.  1.  It  may  be  divided 
first  of  all  into  vesicle  and  yUtnd,  which  are  connected  bj 
the  cviicU-iiuct. 

The  gland  is  in  the  form  of  a  thick  made  horse-shop, 
the  two  limbs  of  which  are  elongated  and  produced  till 
they  meet.  The  front  of  the  horse-shoe  is  dorsal  and 
superior  in  the  living  Leech  (to  the  right  in  the  figure). 
whilst  the  produced  limbs  descend  and  are  respectively 
anterior  and  posterior  in  position  ;  in  the  ventral  region 
they  are  twisted  out  of  the  straight  line  in  a  foiward  direc- 
tion (see  figure).  From  the  forwardly  placed  thickened 
point  of  union  of  the  two  limbs  of  the  horse-shoe  reaches  a 
delicate  process  «hicli  I  call  the  thstis  lobe.  It  is 
more  or  less  rudiiuenlary  in  those  nephridia  which  belon, 
to  the  anterior  region  of  the  body  where  there  arc  no  tesi 
the  further  Totward  the  Dephridium  the  smaller  is  the  to«. 
iohe. 

The  vesicle  relatively  to  tlie  form  and  position  of  tlie 
horse-shne  with  its  prolonged  and  bent  limbs  may  be  said  to 
balance  the  testis  lobe.     It  lite  posteriorly  aud  veutially  re 
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tively  to  the  nidin  curve  of  the  horoe-shoe  ii^  the  living 
Leecb. 

The  vesicle  duct>  instead  of  passing  into  tbnt  limb  of  the 
gland  which  is  the  nearer  to  it,  crosses  llic  posterior  limb 
exttTtially,  and  joins  ttie  antvrior  limb.  A  potLton  of  the 
gland,  undescribed  by  previons  observers,  Is  found  in  the 
form  of  a  delicate  cord  of  gUnd-substance  which  extends  as 
a  free  piece  (a  sort  of  third  limb)  from  the  centre  of  the 
concavity  of  the  horse-shoe  to  about  the  middle  of  the 
posterior  limb  to  which  it  is  united.  This  is  marked  in  the 
6gure  by  the  words  "  Recurrent  Duet." 

It  would  not  be  difficult  to  give  names  to  the  different 
parts  of  the  elongated  horse-shoe  shaped  maES  just  described 
which  might  serve  in  further  description  did  the  minute 
structure  of  the  gland  in  any  way  correspond  with  the  super- 
6cinl  appearance.  As  a  matlci  of  fact  it  docs  not,  and  I 
have  found  it  necessary  to  separate  the  following  regions  or 
lobes  which  have  little  correspondence  with  the  general 
external  form. 

The  whole  curve  of  the  horse-shoej  from  thf  point  where 
the  vesicle  duct  enters  the  anterior  limb  to  the  point  where 
the  recuire&t  duct  joins  Ihc  posterior  limb,  may  be  known  as 

the  UAIH  J.OBE. 

From  the  point  where  the  recurrent  duct  joins  the  posterior 
limb  to  the  point  where  the  two  prolonged  and  forwardly- 
bent  limbs  unite,  including  a  portion  of  the  anterior  limb, 
18  tiie  APICAL  IXtBK. 

The  outstanding  process  of  the  nephridiiim  which  comes 
into  close  relation  with  the  testis,  and  which  in  given  off 
from  the  anterior  limb  close  to  the  enlarged  commencement 
of  the  apical  lobe,  is  the  testis  lobe. 

The  little  piece  of  the  anterior  limb  extending  from  the 
base  of  the  testis  lobe  to  the  ccnimenccmeut  of  the  main 
lobe  1  shall  leave  for  the  present  without  a  name,  whilst  the 
delicate  piece  depending  from  the  main  lobe  and  in  wliich 
the  recurrent  duct  commences  may  bo  called  the  recurrent 
/'piece  J  '*  it  can  hardly  be  called  a  lobe. 


IV. 


-The  1>uctb  (Vesicle  Duct,  Cbmtbal  Doer,  akd 

Rkcukrkst  DuctI. 


The  divisions  of  the  glandular  portion  of  the  ncphridium, 
which  we  have  just  recognised,  are  necessitated  by  the  dis- 
position of  the  duct  and  by  the  characters  of  the  cells  sur- 
Toiinding  il. 

The  duct  in  its  various  divisions  appears  as  a  cylindrical 
ige  filled  with  a  colourless  liquid,  and   often    contains 
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iirciUf-tiko  cryslali  (fig.  11),  which  an  alio  Totind  in  gicM 
nbundanco  in  the  Tcsicle. 

Tbc  ^'UIcu[  DVfJt  ii  a  Lube  ^v?  inch  in  diameter,  witb 
thin  \vall«,  rormed  by  numerous  ci?lU,  severnl  cells  surrotuid- 
ing  :he  lumen  of  the  tube.  It  plungn  into  the  mbsunc* 
of  the  anterior  limb  of  the  gUaU  and  aMumes  «  differvBt 
character.     HcnrofoiiJi  I  call  it  the  cbntbal  ddct.  _ 

The  central  duct  is  circular  in  traiiaversc  lection,  vane*  tl^^M 
t^T  ^  t-i'tt  iiich  in  diameter,  and  is  lined  bj  a  veiy  strong^^ 
marked  struclurelne  cuticle,  which  has  a  radiating  Bbroiu 
|H?npheTj,  the  6broufl  irregular  radii  |>assing  into  the  sub- 
stance of  the  nopluidial  ctAU  which  surround  the  duct,  and 
also  passing  betwe«n  them,   where  it   become*    the  proper 
cntirlfi  of  iho  cells  (see  figs.  7  and  13,  c.  n.).     The  central 
duct  Ukes  a  course  in  the  centre  of  the  mass  of  oclls  which 
oonstilutc  the  lobes  of  the  glands  and  so  far  from  being  laby- 
rinthinej  is  entirely  simple  and  unbranched,  excepiiitg  at  one     ' 
point  where  it  gives  off  a  lateral  offshoot  similar  to  iuelf. 

Previous  observerg  appear  not  to  have  distinguished  be- 
tiTCcn  this  cF^utral  duct,  which  is  the  direct  routinuation  of 
the  vesicle  duct,  and  (he  immense  plexus  of  ductuUSt  to 
be  deectibed  belon*,  which  excavate  the  cells  surrounding  the 
central  duct,  but  which  most  assuredly  arc  fwt  ramificalioos 
of  the  central  duct,  and  which  I  hare  not  been  nbic  defimUhf 
to  irttct  into  comnuuiicattott  kHA  it  at  any  point,  though  1 
consider  it  possible  that  such  a  communication  may  exist  at 
sonic  one  or  poKsiMy  two  points  which  have  eluded  my  con- 
stant and  very  careful  search. 

The  ceutral  duct  at  its  origin  from  the  vesicle  duct  turns 
upwards  (to  the  right  in  the  Sgurej  and  traverses  the  arch 
of  the  main  lobe,  where  il  is  surrounded  by  the  peculiar 
nephridial  gland-celU,  which  are  in  parts  two  or  three  rows 
deep.  It  descends  in  the  posterior  limb  of  the  mnin  lobe 
and  passes  on  into  the  apical  lobe. 

At  thiit  point  of  the  posterior  limb  where  the  apical  and 
main  lobes  arc  joined  there  is  a  constriction  of  the  whole 
gland,  and  a  sudden  and  marked  change  in  the  character  of 
the  nephridial  cells.  This  sudden  change  has  no  effect  at 
all  upon  the  character  of  the  central  duct,  which  putsues  its 
couree  dlong  the  axis  of  the  apical  lobe,  arriving  at  last  at 
the  recurved  apex  of  that  lobe,  where  it  rests  upon  the  root 
of  the  testis  lobe  (see  IMate  XXIV,  iig.  1).  At  the  sanire 
time,  although  the  central  duct  passes  across  the  junction  of 
main  and  apical  lobes  without  any  change,  it  gives  off  a 
branch — similar  in  character  to  itself — us  soon  ns  it  has 
entered  the  apical  lobe.    This  branch  1  term  the  heodrrent 
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DUCT,  This  recurrent  duct  takes  an  Hxial  course  in  llial 
delicate  cord  of  gland-cells  whioli  depends  from  between  the 
two  limbs  oftbe  arch  of  the  main  lobe,  and  ivhicfa^Rs  nn  insMC- 
tion  of  the  diagram  (ftg.  I)  will  sliuw,  is  nothing  more  liiau 
a  free  or  detached  coiuinuation  of  the  apical  lubu  beyond  the 
point  where  it  meets  the  main  iobe.  The  recuirent  duct  thus 
reaches  the  middle  point  of  the  concavity  of  the  main  lobe, 
when  it  turns  downwards  again,  running  among  the  ceLU  of 
the  anterior  limbof  the  main  lobe  parallel  with  the  first  pact 
of  the  central  duct.  It  crosses  without  any  junction  the 
origin  of  the  cvutral  duct  from  tliu  vesicle  duct,  and  runs  ujj 
the  somewhat  narrow  portion  of  the  gland  whicli  conuocU 
the  main  lobe  with  the  base  of  the  testis  lobe  and  apex  of 
the  apical  lobe- 
Here  (and  1  must  beg  the  reader  to  follow  my  description 
with  the  aid  of  the  figure)  the  recurrent  duct  branches,  just 
in  the  same  way  as  the  central  duct  branched  in  giving  origin 
to  it.  One  branch  tuns  up  into  the  testis  lube  for  a  Khort 
distance,  and  there  appears  to  torminate^how  1  have  not 
been  able  to  determine — but  posiUli/  this  is  a  point  at  which 
the  duct  and  the  ductules  of  the  gland  ace  in  communi- 
cation. 

The  other  branch  runs  into  the  apical  lohe  and  joins  the 
central. diictj  as  shown  in  ihc  diagram  (fig.  1),  and  in  fig.  2, 
ivhtch  is  a  careful  drawing  from  a  fresh  preparation  of  this 
part.  Thus  we  find  the  recurrent  duct,  which  originated  bb 
n  branch  of  the  central  duct  at  the  other  end  of  tbu  apical 
lobe,  coming  again  iuto  full  coiitiunity  with  the  central  duct 
aAcr  a  long  course. 

The  interpretation  of  the  duct  of  the  Leech's  nephridium, 
with  it»  central  and  recurrent  portions,  is  exceedingly  diffi- 
cult. It  is  totally  unlike  the  duct  or  central  lumen  of  tlie 
nephridium  of  the  earthworm.  Possibly  the  recurved  apex 
of  the  apical  lobe  represents  the  funnel-like  extremity  of  the 
nephridium  of  NcphcHs  and  Oligorha-ta.  Hut  In  the  latter 
the  funnel-like  ajierturc  leads  into  a  passage  which  is  not 
intercellalac  as  is  that  of  Uirudo,  but  infra-ccllulacj  as  are  tho 
ductules  of  the  latter.  It  is  at  this  apical  region — where  the 
recurrent  duct  rejoins  the  central  duct — that  I  have  looked 
most  carefully  for  rudiments  of  the  funnel-like  aperture,  or 
for  a  small  o|)euing  to  the  body  cavity;  but  I  am  able  to 
state  definitely  that  none  such  oxtsts.  The  relation,  or  rather 
the  difficulty  of  explaining  the  relation,  between  the  nepUti- 
dium  of  the  Leech  and  that  of  iho  Oligocliasiu  will  become 
more  apparent  when  we  have  examined  the  ductules. 
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V. — ^TUE    DVCTCI^S  AW    NSPHRIDUL  CziXS. 

VThen  I  commenced  the  study  of  the  LeeoV*  nephridian 
1  regnrded  the  numerous  minute  pusagec  which  gire  the 
lab]rrinthine  chanirter  to  thai  organ  noted  bf  Ge^nbaur  u 
n«ce»arily  only  brancbea  and  ratuifica lions  of  the  lystem  of 
th«  central  duct.  NeveriheWsB,  in  iioue  of  the  many  buadred 
sections  of  tho  nephridium  which  I  have  examiDeil  hare  I 
been  able  to  find  a  sinf^le  instance  of  a  ductule  opening  into 
the  central  duct  or  into  it*  recurrent  branch. 

The  ductules  of  the  Leech's  nephridium  nre  passagea  lined 
by  a  firm  resJHUint  cuiicln,  which  cxcaviitc  the  secreting  cells 
of  that  organ  in  such  a  way  that  every  individual  cell  is 
completely  bored  through  by  such  a  passage  (the  grey  net- 
work in  fig.  1).  Purthefj  the  passages  differ  very  much  is 
calibre  in  the  different  lohcs  of  the  nephridium,  and  not  only 
that,  but  differ  further  from  one  another  in  being  in  some 
cells  simple  iraversinff  passages  (a.  l.  in  fig.  13),  whilst  in 
other  cells  ihev  ure  arariched  within  the  cell  (figs.  5,  6,  7). 
Further  atill,  the  branches  may  be  all  equally  patBOfftg  lead- 
ing into  corresponding  passages  in  neighbouring  cells  (fig.  S), 
or  most  of  the  branches  may  he  ctBcal,  in  which  case  they  are 
often  exceedingly  minute  (6g.  5). 

Nothing  equalling  in  complexity  the  system  of  intra- 
cellular  passages  or  ductules  nf  the  nepliridial  cells  of  Hirudo 
has  hitherto  been  described  by  ptevioua  writers  on  that 
itnimul,  nor  has  anything  quite  parallel  been  described  in 
any  other  cell-struvture,  so  that  the  facts  which  I  have 
ascertained  with  rogaril  to  these  ductules  in  the  Leech's 
nephridium  have  a  certain  histological  interest  of  a  general 
character. 

It  was,  [  believe,  first  pointed  out  by  Claparfede,  who  for 
the  first  time  m«de  sections  of  the  nephridium  of  the  earth- 
worm, that  the  lube  of  which  that  organ  consists  is  built  up 
by  a  single  aeries  of  cells  (ihruughoiit  the  greater  part  of  its 
length),  and  that  these  cells  are  simply  bored  through  by 
the  duct  or  lumen  of  the  tube.  Each  cell  accordingly  haa 
the  form  of  a  drainpipe.  A  similar  structure  haa  now  been 
recognised  in  the  embryonic  nephridia  nf  larval  Pulmo- 
Gasterojiods  (Uabl),  and  is  clcftrly  enough  characteristic  of 
nephridia  of  a  certain  grade  of  elaboration.'     At  the  same 

•  It  ia  auj^csteJ  by  Profcasor  Lankestcr  tUat  the  structure  in  questioo 
probably  powls  to  tbe  plijlotio  origia  of  ttie  uciiliritriu  riom  simple  nni- 
rcliulir  f;liiii(ls,  rntlicr  than  from  pooktta  or  itiva)(itialeil  [Miicbcs  gf  tlui 
cpiilcrmi*  coDsifitiug  of  ni&n;  celb  surrounding  a  cavity.  A  uupliridinl  tube, 
contutiug  or  a  lineal  series  of   pcrfoTated  Cells,  Lt  nirnplir  k  uuicellnUr 
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time  it  is  not  bj  any  means  always  oxhibitct!  by  nephriilia, 
e.g.  thotf  of  adult  Moltu^ca  [organs  of  BojanuH)  and  those 
of  Vcrtcbrata.  I  am  not  annre  that  a  braucliutl  duct  has 
been  described  as  excavating  the  cells  of  any  ncphridium,  or, 
iudeed,  of  any  gland  previously  to  this.  The  cells  from  the 
nephridium  of  Hffiinopis,  figured  by  Leydig  (loo,  oil.),  are 
simple  cylindrical  cells  with  iinbraiiched  passages  passing 
through  them,  and  probably  come  from  the  walls  of  the  re- 
current duct.  In  the  balivHry  glands  of  some  Insects  and 
Crustaceans  the  nearest  approacli  to  tlie  kind  of  relatiun  tiuw 
established  between  cell  and  duct  in  the  nephridia  is  to  be 

ifouad,^  but  I  believe  that  hitherto  only  an  excavation  of  the 
gland-cell  by  tne  ductules  of  origin  has  bcL-n  observed  in 
Uiese  striiciures,  and  not  aq  actual  thorough  perforation  of 
tbc  glaiid-ccll. 
I  have  been  able  to  satisfy  mysclf/by  repeated  observa- 
tions, that  the  whole  system  of  ductules  in  the  nephridium 
of  tbc  Leech  is  a  continuous  network  of  passages,  but  I 
have  not  been  able  to  determine  any  aperture  in  that  net- 
work by  which  it  communicates  cither  with  spuccs  in  the 
general  nubstauce  of  the  body  or  with  tbe  central  duct  of 
the  ncpliridtum.  or  its  brunch  the  recurrent  duct.  It  seems 
in  the  highest  degree  probable  that  these  ductules  do  com* 

Itnunicate  with  the  central  duct  and  so  with  the  vesicle  and 
exterior,  yet  I  have  watcheil  them  in  various  conditions  of 
distension,  and  by  pressure  have  caused  certain  smalt  cor- 
pusck'S  (fig.  i^)  which  tloat  iu  the  colourless  liquid,  which 
more  or  less  distends  tlicm,  to  move  along  from  one  ductule 
lo  another,  without  gaining  any  indication  of  a  communica- 
tion with  the  adjacent  central  duct. 

■  The  ductules  do  not  exist  in  the  cells  which  line  the 
vesicle  or  ita  duel.  These  cells  are  no  doubt  homologous 
with  the  uephridial  cells,  yet  it  is  not  until  the  hor6e*shoe 
shaped  glandular  mass  is  reached  that  the  ductules  make 

i their  appearance.  It  is  difficult  to  separate  any  description 
of  the  ductules  from  that  wf  the  nephridiiil  cells  themselves, 
and  I  shall  therefore  dt^scribc  together  the  appearances  pre- 
sented by  these  structures  in  the  different  regions  of  the  gland. 


CelU  and  ductules  of  the  main  lobe  (figs.  5,  7,  10,  IS). — 
tA«  in  aU  parts  of  the  gUnd,  the  cells  are  of  large  size,  vary- 
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g^aw)  shidt  has  undergone  a  reputed  cell-division  Iranivcrac  to  Iho  axis 
of  iti  duct. 

And.  iL  mnT  be  noted,  llint  tli<^  more  arcliaic  examples  of  kalirsry 
gUiid»  consist  of  banilea  of  uiitcelfuliir  {jktiiis,  iacIi  weCIj  its  own  ductule, 
wJueh  it  so  fsr  id  Tiivour  of  tlic  liypollicsu  that  tlie  DcphridiaJ  celli  uretv 
origiBalfy  unicelluliir  glands, 
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iug  from  TTn  o(  Ku  inch  lo  y^  of  «n  inch  la  dltmeter.  Tbcy 
ue  •ub-8nbencal|tendii)2  to  the  form  of  poljbcdroni*  owiB{ 
to  mutual  adpressure.  Tbe  protoplasm  is  fairly  tnuupannt 
in  the  liviof;  state.  Bjr  the  u»e  of  reagenu  it  is  Man  to  be 
very  finely  granular,  the  granular  matter  being  more  abmi- 
dant  pcniiherally,  so  as  to  form  a  cortical  layer,  which  b 
slrongly  marked  after  maceration  in  iiotaMium  bichromate. 
In  cells  which  have  undergone  prolonged  maoeratioD  in  this 
reagent.  Professor  Lankester  obserred  a  rod-like  stractore 
or  »lrii)tion  of  the  cortical  layer,  the  rods  being  act  at  righi 
an^lE-s  10  the  lumen  of  the  ductules. 

iiy  the  use  of  aitver  nitrate  I  have  succeeded  ia  demon- 
strattDg  a  similar  structure  in  the  cortical  suhttanee  of  the 
nephridial  cells  from  the  apical  lobe,  that  is  to  say,  in  relU 
with   a    single   Urge   traversing   ductule   (see     PI.  XXV, 

fig.  9). 

A  delicate  membranous  cuticle  exists  on  the  surface  of 
each  cell,  and  is  continuous  with  the  cuticle  of  the  ductules 
aud  with  (he  abundant  cuticular  deposit  which  fornts  tb« 
lining  of  the  central  duct  (figs.  7  and  13,  c.  o.).  Tba 
cuticle  of  the  ductules  is  well  seen  in  fig.  10.  After  pro- 
longed maceration  it  is  possible  to  obt-iin  the  ductules  in  an 
isolated  cnndition  owing  to  the  resistance  of  their  cuticle  to 
the  disintegrating  process  which  affecta  the  surrounding 
protoplaem. 

Each  cell  possesses  a  large  wcll-m&rked  spherical  nucleus 
varying  in  diameter  from -i-!ihnT  inch  tOrnStv  inch.  The  nucleus 
has  a  strotigly-mnrked  capsule,  and  its  contents  have,  after 
maceration  in  weak  chromic  acid,  the  appearance  shown  in 
fig.  10  a,  viz,  a  clear  substance  in  which  a  nucleolar  net- 
work and  nucleolus  can  be  distinguished. 

Tbe  protoplasm  of  the  iiephridjal  cells  of  all  regions  ap- 
pears to  he  distensible  and  contractile.  Whether  it  is 
actitely  contractile  ia  uncertain,  but  there  is  no  doubt  that 
the  volume  of  the  ductules  varies  periodically.  There  is  no 
muscular  coat  to  the  ncpbridimn  itself,  as  there  is  to  the 
vesicle,  and  the  change  of  volume  is  probably  due  to  the 
physiologically  cbsoged  condition  of  the  secreting  cells. 
Gegenbaur  found  the  nephridia  of  Tubifex  lo  be  actively 
contractile. 

The  cells  are  set  around  the  central  duct  of  the  main  lobe 
tndially,  as  many  as  eight  being  thus  shown  in  some  sec- 
tions taken  at  right  angles  lo  tlie  duct.  Superficially  to 
those  which  thus  abut  upon  the  central  duct,  other  cells 
similnr  to  rlio  deeper  ones  may  be  seen  (tig.  IS),  forming 
portions  of  a  second  or  even  of  a  third  row. 
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In  the  anlorior  limb  of  the  iimiii  lube  the  recurrent  duct 
runs  parallel  with  the  central  duct,  and  is  in  this  part  of  its 
course  surrounded  by  cells  simibir  to  tliose  which  surround 
the  central  duct  ftdjncent  to  it. 

Aii  the  cells  of  (he  main  lobe  have  that  form  of  ductule 
wlucli  I  distinguished  above  ns  arborescent  with  some  of  the 
branches  continuvus  {i.  e.  leading  into  branches  of  the  duc- 
tule of  a  neighbouring  cell;  ana  some  of  them  cacal.  The 
best  general  notion  of  the  arrangement  of  the  ductules  and 
their  contiuuitjr  in  the  neighbouring  cells  is  given  in  the 
upper  part  of  fig.  13.  In  fig.  10,  from  a  different  portion  of 
the  main  lobe,  the  arborescent  ductules  arc  seen  to  be 
limited  to  one  aide  of  the  cell,  and  a  tendency  to  form  larger 
ductules  is  exhibited.  The  finest  nrborescencc  ib  that  shown 
in  the  cell  drawn  in  fig.  5.  This  is  from  a  particular  por* 
tion  of  the  main  lobe  ivhete  all  the  cells  have  the  same 
character.  Fire  "  continuous"  branches  of  the  ductule  are 
seen,  and  a  dichotomous  series  of  finer  branches  which 
completely  honeycomb  the  cell-protoplasm.  The  ultimate 
branches  tif  this  system  are  -rccfj  i"*'!'  •"  diameter.  They  are 
80  disposed  as  to  open  into  or  (to  use  another  metaphor)  to 
take  their  origin  in  the  cortical  substance  of  the  cell.  The 
rod-like  striated  structure  of  this  layer  has  already  been 
mentioned  as  a  general  character  of  the  ncphridial  cells.  It 
appears  that  it.e  ultimate  ramiUcations  of  the  ductules  have 
a  definite  relation  to  the  baciltary  structure  of  the  conical 
substance — a1thoii;;;h  the  bacillary  i^tructure  is  observed 
equally  in  cells  which  are  provided  with  a  simple  in  place 
of  a  finely  arborescent  ductule. 

The  tells  of  the  apical  lobe  differ  from  those  of  the  main 
lube  iu  possessing  very  much  larger  ductules,  varying  from 
-j-uTiTj  inch  in  diameter  to  as  much  as-jj-^rinchjwhilsi  the  cells 
themselves  vary  from  ^^,  inch  to  ^J-^  inch  in  diameter  (figs. 
3  and  C,  and  lower  part  of  fig.  13,  a.  l.).  The  medium- 
sized  and  the  largest  ductules  of  this  larger  sort  have  a  defi- 
nite position  in  the  gland,  the  mcdiura-sized  gradually  pass- 
ing into  the  largest  as  we  proceed  along  the  apical  lobeyrofli 
the  apex  towards  the  posterior  limb  of  the  main  lobe,  where 
that  middle  piece  with  the  recurrent  duct  is  given  off  (see 
fig.  1).  Here  the  ductules  become  very  wide,  and  are  un- 
brauched,  so  that  the  cells  are  mere  hollow  cyliinlers.  A 
good  view  of  the  relation  of  wide-branched  ductules  to  the 
cells  is  given  in  the  drawing  (fig.  3),  which  represents  cells 
of  the  apical  lobe  in  a  stale  of  distension.  The  ductules  of 
the  apical  lobe  arc  also  well  seen  iu  fig.  £,  a.  z.. 

The  ductules  of  this  wider  aud  lar<'er  kind  arc  lined  with 
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a  Terjr  dutinct  cuticle,  which  in  MCtioDi  of  hardened  pnpan- 
tiont  if  often  leen  in  a  lUte  of  deHuamadoo  (fig.  6>. 

In  tbe««  large  ductule*  too,  in  fre«h  (and  therefon  itiD 
bring)  exciaed  nephridia,  I  have  ttodied  the  coaUiaed  ti^ioi. 
It  i«  perfectly  colourlp-as  and  transparent,  bac  freqneiLtlj 
contains  structureless  globules  (fig.  12)  which,  by  praMOZt, 
can  he  made  to  move  auKig  the  series  of  dactoiea. 

The  ceiU  of  ike  U$tis  toha  (fig.  t,  T.  l.)  agree  altogether 
in  structurp  with  those  of  the  a[>icftl  lobe,  having  mttdina- 
sized  ductules  wliich  are  brniiched  (o  a  smaLi  extent,  tint 
branches  being  continuous,  not  caxal.  In  each  cell  iht 
ductule  gives  off  some  two,  three,  or  four  branebea  of  the 
same  calibre,  and  each  of  these  is  coutiuuous  with  a  ainulaf 
branch  of  the  ductule  in  a  continuous  cell. 

Cpmrnunicaliont  of  the  ducluht  of  differtnt  loi^  tcUA 
one  a>i'jt/ta\ — Tin-  diagram  ffig.  1)  will  serve  moat  aalit* 
factoriiy  to  explain  what  I  have  ascertained  on  thia  point 
The  ductules  of  the  testis  lobe  do  not  directly  communicate 
with  those  of  the  adjacent  apical  lobe,  but  run  on  tbnnigb 
the  short  bit  of  gland  joining  testis  lobe  and  main  lobe,  and 
thnn  gradually  pass  into  the  finer  kind  of  ductule  which  is 
found  throughout  the  main  lobtj.  There  is  no  junction  at 
the  apex  of  the  main  lobe  (near  (he  word  "inferior  vein" 
in  the  diagram)  between  the  ductules  of  the  main  lobe  and 
the  ducLulee  of  the  apical  lobe,  which  is  all  the  more  re* 
markable  since  the  central  duct  is  here  continiiccl  from  the 
one  lobe  to  the  other.  On  the  other  band,  at  the  point 
where  ibe  "  lecurreul  piece "  joius  thu  concavity  of  the 
main  lobe,  as  seen  in  the  figure,  there  is  an  extensive  com- 
niunicatioii  of  the  large  ductules  of  the  "recurrent  piece" 
wilh  the  ductules  of  the  main  lobe. 

VI. — Blood-tessbls  and  Tunic  op  the  Gland. 

The  mass  of  cells  which  forms  the  glandular  portion  ol 
the  ii(>phrii]Lun),  niih  ils  various  lobes,  is  ht-'ld  iogc-tlii;r  by  an 
investment  of  fibrous  lissuc,  and  is  further  beset  by  a  large 
number  of  blood-vessels  ivhicli,  running  longitudinally  ou 
the  ttuperfices  of  the  gland,  give  off  branches  winch  pene- 
trate the  mass  of  celts  nt  numerous  points,  and  form  within 
the  cell-mass  one  of  the  most  complete  inter- ceHular  blood- 
plexute*  known  to  exist,  and  resembling  that  of  the  Mam- 
malian liver. 

The  investing  fibrous  tissue  of  the  gland  I  shall  not 
describe  in  detail.  It  is  dealt  with  by  ProfesiEior  Lankester 
in  an  article  "  Oti  the  Connective  Tissues  of  the  Leech,** 
published  in  the  present  number  of  this  journal.     It  will  b« 
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clcnt  to  point  out  that  the  inventing  brown-coloured  net- 
k  of  Bbres  cousUts  of  what  I'rofeseor  Lankestcr  lias 
termed  "  vaso-fibrous  tissue,"  wbich  is  found  throughout  the 
body  of  the  Leech,  more  or  less  pigmented,  and  forms  the 
pigment  fibrils  which  interp«netraio  the  superBciaL  epi- 
thelium of  the  body-surface. 

In  the  trnnsi-erse  section  (fig.  13)  this  tissue  is  seen  as 
dark  granular  matter  [f)  surrounding  the  lobes  of  the  gland, 
and  passioc  in  and  out  amongst  tite  muscular  fibres  {g)  and 
the  unicellular  glaniU  (tr),  all  of  which  are  more  or  leas 
closely  iuTCstcd  by  it. 

The  peculiarly  cloee  relationship  of  this  tissue  to  the 
capillary  bloud-veseela  themselves  explains  how  it  is  that  no 
diitinei  connective  tissue  peneirntes  the  c«11-inass  of  the 
Depbridium  but  only  ^ne  bloiKl'i-esscU,  which  foriit,  in  fact, 
an  intercellular  connective  tissue,  which  ia  at  the  tame  time 
a  capillary  system. 

The  Urge  blood-vessels  found  in  coauection  with  the 
nephridium  have  been  described  wirh  great  care  and  ac- 
curacy by  Gratiotet.  They  are  as  shown  in  fig.  I.  They 
consist  of  vessels  with  delicate  membranous  walls  which  are 
given  off  by  the  great  lateral  muscular  vessel  passing  near 
the  nephridium.  A.  connection  is  further  established  between 
the  capillary  plexus  of  the  nephridium  and  the  dorsal  longi- 
tudinal vessel  (which  runs  iiloiig  the  ilorsal  surface  of  the 
alimentary  canal)  by  nleall^i  nf  the  "superior  vein."  The 
arrangement  and  diBtributiuu  uf  the  vtusels  will  be  best 
undersiood  from  an  examitiatton  of  thedifigram  fig.  1.  The 
smaller  Tcssels  which  are  arranged  so  as  to  form  a  plexus  or 
meshwoik  with  a  tingle  nephridial  cell  in  each  hole  of  the 
meshwork  average  in  size  to'^t  of  an  inch,  but  arc  capable 
of  being  greatly  distended  with  blood,  and  do  not  iilways  or 
in  all  parts  of  the  ncphiidium  appear  to  be  fully  developed. 

This,  however,  is  not  due,  I  believe,  to  any  structural 
irregularity,  but  to  a  functional  state.  When  the  i^ephri- 
dial  cells  or  their  ducts  are  swollen,  the  intercellular  vascular 
network  is  compressed,  and  many  of  its  channels  are  tem- 
porarily obliterated.  Hut,  un  the  otlitr  hand,  it  may  happen 
that  we  find  all  the  blood  capillaries  well  irijeclfd  with 
their  natural  red-coloured  fluid,  us  shown  in  figs.  G  and  7. 
These  are  drawn  from  such  "  natural  injections  "  which  en- 
bibit  themselves  in  the  most  beautiful  way  when  sections 
are  cut  from  specimens  of  the  Leech  taken  in  full  nutrition 
(that  is,  within  a  week  or  so  of  a  good  meal),  and  hardened 
iu  dilute  cbiumic  acid. 

The  wall  of  the  finer  blood-vessels  running  between  the 


iie|tUriil'al  cell*  is  perfeoLlv  dUlinct.  These  arc  not  nere 
iiil&rri'Uiil«r  |)«ssnf;es  but  hare  tlieir  diitinci  ini!m1>r»notii 
inills  like  ttiOK*  of  the  6aer  blood-rcsseU  in  other  |iiirtt 
of  the  Lcudi.  In  these  thlnwallcd  veaseU,  both  in  the 
iiepliriiHiim  nnd  L>Ue«herei  I  hare  not  succeeded  in  tnciDC 
any  cell -« true  luro  by  the  use  of  various  histologicil 
methods.  It  appears  propable  from  what  Profetsor  Lan- 
ketter  hns  ascertained  with  regard  to  the  reUtions  of  tbi 
vaso-fibrous  ti»«ue  and  the  blood- ve«seU,  that  thu  uuclci 
are  discharged  at  an  uacly  period  of  its  development  from 
the  wall  of  lIic  blood-re&sel  into  the  lutnvti  of  the  vessel,  and 
accordingly  we  find  only  the  metamorphosed  celt-subsUnce 
left  to  form  the  wall  which  is  accordingly  structureless. 

VII.— The  Vesiclb  asd  the  Sxcrktion  op  thb  GLAVti. 

The  vesicle  is  remarkable  for  its  great  dilatability,  and 
for  possessing  a  muscular  coat  which  the  slsndular  portion 
of  the  ne|)liriiliuin  does  not  possess.  On  tnis  Utter  point  I 
am  at  variance  with  Professor  Lcuckart,  who  has  ascribed 
a  muscular  coat  to  the  glandular  portion.  The  vesicle  nuy 
be  regarded  ns  an  expansion  of  the  central  duct  to  which  it 
is  joined  by  the  "vesicle  duct,"  but  it  differs  greatly  from 
any  ^ait  of  the  glandular  portion  of  the  iiepTiriiUum,  not 
only  in  the  fact  that  it  haa  a  muscular  tunic,  hut  also  in  the 
fact  that  the  cells  lining  it  have  not  a  cuticle  but  a  ciliatfJ 
surface.  Cilia  are  not  found  in  any  other  pari  of  the  uephri- 
dium,  which  is  a  remarkable  fnet,  when  wc  compare  the 
structure  of  other  nephridia  such  as  those  of  the  earthworm 
and  thcmoUuscan  organ  of  Bojanus.  The  cilia  on  the  epi- 
thelium of  the  ve&iclc  arc  excetdingly  short,  the  cells  them- 
selves hein^  siiiall  and  fchurt,  and  thrown  into  ridges  when 
the  vesicle  is  in  a  slate  of  contmction.  The  vesicle  is  seeu 
in  section  in  the  drawing  (fig.  14), which  represents  accurately 
an  actual  preparation. 

The  vcsicic  does  not  open  directly  to  the  exterior,  but  is 
placed  in  communication  with  the  body-surface  by  a  short 
duct,  which  is  lined  near  its  external  opening  by  an  inrolu- 
lion  of  the  epidermis  of  the  integument. 

The  wall  of  the  vt-sicle  is  supiilied  with  a  very  regulai 
capillary  plexus  of  the  hainial  system  (fig.  1),  and  it  seems 
probable  that  secretion  may  he  carried  on  from  its  walls  as 
well  RS  from  the  more  distinctly  glandular  portion  of  the 
nephridium. 

The  vesicle  contains  a  liquid  in  which  bunches  of  nccdlc- 
like  crysialfi  are  found,  which  are  drawn  in  fig.  11,  as  seen 
when    magnified  3500  diameters  by  means  of  Hartnack's 
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objective  "  10  immersion."  These  crjslals  arc  not  stained 
by  iudirie;  tiiey  are  soluble  in  niiric  acid.  I  hnvc  not  yet 
completed  their  chemical  exaininniioii.  These  crystals  are 
occasionally  to  be  foutid  in  the  central  duct,  but  1  have  never 
found  them  in  the  ductules.  On  the  other  hand,  in  the 
ductules  are  found  minute,  structureless  corpnscles  (fig.  12), 
which  on  one  occusiuu  I  saw  exuded  from  the  substance 
of  a  nephridial  cell  into  thi>  ilnctule.  I  have  never  found 
these  corpuscles  in  the  central  duct  nor  ia  the  vesicle. 

VIII. — OPBNtNO  OF  THE  SysTBUB  OP  UUCTCLBS  AND   DtJCTS 
INTO   ONE   AHOTITKR   AND   INTO  THB   BoDT-CaVITT, 

As  I  hare  before  mentioned,  I  have  failed  to  establish  the 
existence  of  a  communicntion  between  the  central  duct  or  its 
off>FeCs  and  the  system  of  ductules;  but  I  am  strongly  inclined 
to  regard  the  recurrent  duct  as  the  seat  of  this  commu- 
nication. It  seems  to  mo  not  improbable,  from  the  large 
size  of  the  ductules  of  this  portion,  and  from  the  way  in 
■which  it  enters  the  apical  lobe  on  the  one  hand  and  the  con- 
cavity of  the  main  lobe  on  the  other,  that  we  shall  even- 
tually find  a  connection  through  it  of  the  two  systems. 
I  I  hope  during  the  present  summer,  by  the  study  of  other 
genera  of  Ijeeches  (AulostoTnum,  Nephelis,  Clepsiae,  Fon- 
tolxlella),  to  gain  some  light  upon  this  question. 

The  absence  of  cilia  front  the  ducts  and  ductules  of  the 
Leech's  nephridium,  together  with  the  absence  of  any  large 
■pace  in  the  body — comparable  to  a  body-cavity — seems  to 
be  correlated  with  the  absence  of  an  open  internal  termina- 
tion to  the  duct  and  ductule  syatemR.  I  am  inclined  to 
regard  what  I  call  the  apical  lobe  as  probably  corresponding 
with  the  position  in  which  au  internal  opening  is  found  in 
the  typical  form  of  nephridium,  eucb  as  occurs  in  Nephehs, 
Clepsiiie,  and  the  Oligoclijela. 

This  point  also  will  be,  1  hope,  decided  by  the  investiga- 
tions which  I  am  now  commencing  on  those  genera. 

The  very  wide  difference  between  Hirudo  and  Clepsine 
(so  far  as  descriptions  of  the  latter  genus  enable  me  to  judge) 
in  the  whole  arrangement  of  duct  and  nepliridiiil  cells  leads 
me  to  believe  that  the  comparison  of  the  serice  of  Hirudineen 
genera  will  be  a  very  interesting  one. 

SttUMAKV. 

1.  The  Leech's  nephridium  coneiatii  of  gliind  and  vctivlu 
connected  by  the  vesicle  duct. 

S.  The  gland  is  a  curved,  liorsc*shoe  $hii|icil  lo4)[i,  present- 


MS 

ing  the  following  Zp&m  : — 1 ,  main  lobe ;  9,  apical  lobe ;  t, 
leftia  lobe ;  4,  rccuTrent  lobe. 

3.  The  cells  which  constitute  the  gland  are  all  penetrated 
hf  dtictuUt,  which  pass  ihrou{;b  them^  Bomelimes  foriBiitfE 
Mvatal  pauaifcs ;  the  ductules  differ  in  the  different  lobeaoi 
the  gland. 

4.  The  axis  of  all  the  lobes  is  ooeapied  fay  a  tai^e  duct 
separated  from  the  ncphridial  rells  bjr  a  thick  cuticle ;  it 
opens  into  the  vesicle  duct,  but  is  not  shown  to  have  any 
connection  wiili  the  ductules. 

6.  VesieU  uf  the  hsmal  system  (with  red  flntd)  form  « 
complete  plexus  in  the  gland,  each  cell  beiug  surrounded  lijr 
a  loop  of  the  plexus. 

U.  There  is  do  internal  opening  of  the  system  of  ducts  or 
ductuU'i. 

7.  There  are  no  cilia  in  any  part  of  the  glaud  exceptiog 
the  vpsicle,  which  is  lined  by  a  ciliated  epithelium. 

5.  The  wnll  of  (he  vesicle  is  muscular ;  that  of  the  gland 
is  not,  hut  couftials  of  a  fibrout,  pigmented  infestment. 
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s  Intra-Rpitiirual  Capillaries  in  the  iNTKotrMEST 
of  the  Mruicikal  Leuch.  13^  E.  Kav  Lankestek, 
M.A.,  F.R.S.,  Professor  of  Ztmlojuy  in  UniTRrsity  Col- 
lege, London.     With  Plate  XXVI. 

1  AM  not  nrqnainted  with  nny  niiiiiitc  invcstigiition  of  the 
jriicture  of  the  epidermis  of  ihe  roiiimoii  Leet-h.  Professor 
eydig  haii  published  mntit  vuluable  nccouius  of  the  ecnse- 
^na  of  the  Leechen,  and  in  a  drawing  of  a  transverse  see- 
on  of  the  medicinal  Leech  ('  Hdii  des  Thierischen  Korpers/ 
lif.  i,  fig.  G),  has  shown  the  epidermis  in  position  with  the 
tmarkably  enlarged  cells  whidi  fumi  iinicellulnr  <^lmiil8 
bn^ng  down  amoti^^t  the  intiKCuUr  bundle»  far  ix'lon'  the 
^iaon  of  the  other  epidermal  oteiiteiils.  The  same  draw- 
S  also  shows  n  few  scattered  vessels  belonging  to  the  red 
^uUr  cyslem.  These  «re  seen  in  Professor  LeyJfg's  draw- 
Ig  to  come  near  the  integument,  but  they  do  not  ponetratG 
t.  The  drawing  is  on  a  relatively  small  scale,  so  thai  such 
etails  as  the  minute  structure  of  the  epidermic  cells  are  not 
Ksentetl. 

In  sections  prepared  in  my  laboratory  last  year  by  Mr. 
lomfield  and  by  Mr.  Bourne,  and  in  macerated  specimens, 
have  studied  the  structure  of  the  Leech's  epidermis  more 
bsely,  and  have  obtained  some  interesting  results.  I  wrb 
d  to  make  these  observations  in  carrying  out  a  gi-ncriil  plan 
r  study  of  the  epidermic  tissue  in  the  various  grou]i<  of  the 
nimal  kingdom.  The  integnmeni  of  thfi  Earthworm  two 
ears  ago  yielded  me  some  very  interesting  results  entirely 
Mitradictory  to  ClaparJde's  statements  on  that  subject — more 
slicato  anil  varied  forms  of  epithelial  cells  than  are  yielded 
f  the  Earthworm's  epiderm  wheu  macerated  are  not  pre- 
mted  by  any  other  animal — whilst  the  whole  structure  of 
le  clitellum  and  its  periodical  variation  is  especially  in- 
feMtfaig.  Amongst  the  most  important  facts  established 
fTegard  to  the  Earthworm's  eptderra  are,  firstly,  the  existence 
locaih  the  cuticle  of  a  normal  cellular  matrix, consisting  of 
itied  forms  of  goblet  cells  and  excesstrely  delicate  elongnte 
lt(^r»littal  or  "  packing  "  cells,  instead  of  llie  allog^lher  iiri- 
fobable  syncylimn  described  by  Clanaieile  ;  secondly,  the 
inetration  in  the  region  of  the  cliteilunt  of  vessels  of  the 
lemal  system  in  ihc  form  of  loops  between  the  groups  of 
ridermtc  cells ;  thirdly,  the  similar  ])enetratioii  of  processes 
[  pigment  cells  belonging  to  the  connective -tissue  system 
kong  the  epidermic  cells  of  the  general  body-surface  (espe- 
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ctalty  in  Lam&rt'ctu  olidiu) .  The  publication  of  thete  reiolti 
WM  delayeJ  by  other  vrork,  whirh  is  tl)«  lew  to  be  n> 
grettcd  Biac«  Dr.  Uont'  {1ST6)  nnd  0r.  Von  Mojutsovici* 
(1877)  had  but  a  short  time  previously  applied  themselrs 
to  the  same  iiiveftltgetioii  and  arrived  at  results  of  a  stmiUr 
character,  though  their  memoirs  had  not  come  into  my  hand* 
uutil  nPter  I  had  completed  my  examination  of  the  Earth- 
worm's integument.  The  drawings  of  Dr.  Von  Mojcisorici 
do  more  justice  to  the  very  beautiful  structure  of  the  £^th- 
ivorm'a  epidenn  than  those  of  Dr.  Horsi,  at  the  same  time 
there  arc  still  some  p^'iintfl  not  fully  illustrated  or  appreciated 
by  the  former  which  1  iiope  to  see  treated  ia  this  jouriiBl  by 
one  of  my  i)upil8. 

The  epidermis  of  the  L«ech  coatratts  TPry  mikingly  with 
that  of  the  Earthworm. 

The  cells  which  constitute  it  are  Terj  nearly  uniform  in 
size  and  columnar  in  shape  (ttW  iich  long  rTs.irv  i^ch  broad 
on  the  average}. 

Gland  CeU$. — Only  a  few  epidermic  cells  are  enlarged  to 
form  glands,  and  these  do  not  as  a  rule  remain  ia  the  hgrizon 
of  the  other  cells  but  sink  below  the  surface^  having  unly  a 
narrow  duct  to  represent  them  in  the  epidermic  stratum. 

These  oniccllular  glands  may  he  roughly  divided  into  two 
series,  those  which  arc  more  superficial  and  those  which 
occupy  a  very  deep  position.  Some  of  the  very  deep-lying 
epidermal  glwiid  cells  are  seen  in  Mr.  Bourne's  drawing  of  a 
section  of  a  neiihridium  (1*1.  XXV,  fin;.  IS  e),  whilst  a  more 
superficial  one  is  se^n  in  (PI.  XXVIj  fi^.  d^/)<  I  have  not 
made  a  special  study  of  (\\e^e.  gland  celU,  which  would  well 
repay  the  attention  of  the  physiologist,  especially  that 
variety  of  ilicm  which  opcnB  into  the  stomodfcal  invagina- 
tion of  the  cpiderm,  and  which  is  known  as  salivary 
gland.  The  small  and  more  superficial  gland  cells  appear 
to  be  most  nhuudant  about  the  generative  region  of  the 
body,  where  ihey  may  occur  so  thickly  as  one  to  every  six 
or  seven  columnar  cells  when  seen  in  transverse  section. 
There  is  Httle  doubt  that  the  superficial  scries  of  gland  cells 
serve,  iu  this  region,  lo  secrete  the  material  of  which  the 
egg-cocoon  is  formed. 

Cuticle. — External  to  the  epithelium  of  the  body  wall  is  a 
continuous  cuticle,  which  is  more  delicate  than  the  corres- 
ponding cuticle  of  the  Earthworm,  and  quite  devoid  of 
striations  or  lamination.     It  exhibits  at  intervals  (fig.   5) 

t  '  Aanteelcoicgen  op  de  Aoslonue  von  Lumbricua  terrcBtris,'  tjtrccht. 
1876. 
*  "  Die  LumbricidcQ  byiwdennis,"  '  Silebcr.  Mud.,'  Wjen,  1877. 


perforations  which  are  irregularly  placed  but  tend  to  a  tlis- 
positton  i^ucfa  as  that  seen  in  the  figure.  These  perforations 
art  the  o^WDings  of  the  unicellular  glands.  Frequently  two 
such  apertures  and  Bometimes  three  are  placed  closely  side 

■  by  side. 
Columnar  CelU, — When  the  epithelium  is  carefully  ex- 
anitned  by  means  of  rery  thin  eeciions  and  hy  teasing,  it  is 
found  that  the  columnar  cells  which  form  the  stratum  sub* 
jaceiit  to  the  cuticle  have  not  a  simple  columnac  form  but 
are  T-*^ai*d  or  rather  mallet- shaped  (fig.  1).  The  broad 
expanded  portion,  the  "bead"  of  the  mallet,  forms  with  iia 
fellows  a  complete  mosaic  (iig.  6)  immediately  underlying 
thecuticle^  whilst  the  "handles*' of  the  mallets  are  arranged 
side  by  side  so  as  to  leave  a  certain  amount  of  space  between 
netghbouriDg  "  handles  **  (fig.  3).  Into  these  spaces  pro- 
cesses of  the  connective  tissue  here  and  there  make  their 
way,  these  processes  being  outgrowths  of  the  pigmented 
raso-fibrous  tissue  wliich  per^-ades   the  whole  body  of  the 

^ Leech  (fig.  3  pg).  The  variously  coloured  spots  of  the 
Leech's  integument  arc  produced  by  modifications  of  this 
tissue,  and  the  amount  of  it  which  interlocks  with  the  epi- 
thelial cells  vaties  from  point  to  point  according  to  the 
Mitlern  of  the  Leech's  colouting. 
F  Columnar  cells  which  have  been  teased  out,  after  macera- 
tion of  the  Leech  in  potassium  bichromate,  show  the  ex- 
panded "head"  having  a  finely  granukr  or  sometimes 
vacuolated  structure, whilst  the  "handle"  appears  very  nearly 
homogeneous  (fig.  1).  I  have  not  been  able  by  Etaining 
agents  to  show  n  nucleus  in  any  part  of  the  cell.  The  whole 
of  the  "handle"  takes  the  staining  rather  freely,  and  it  is 
possible  that  it  consists  uhicHy  or  entirely  of  nucleus. 

When  a  detached  flake  of  epithelium,  which  has  been 
stained  by  picro- carmine,  is  looked  at  from  above,  the  appear- 
ances  represeuted  in  figs.  G,  7, 8, 9  are  obtained.  A.  comntete 
mosaic  of  polygonal  cells  is  seen,  in  some  of  which  arc  (lark, 
that  is  to  say,  Wfll-stained  bodies,  ivhich  look  tike  nuclei.  In 
others  of  the  polygonal  area  tlicrc  uru  no  such  daikly-staincil 
bodies,  but  only  fainter  indications  of  a  differentiation.  The 
result  is  that  the  cells  with  darkly-stained  bodies  in  them 
arc  arranged  in  irregular  groups  (fig.  6).  The  darkly-stained 
bodies  prove  upon  further  examination  to  he  not  ordinary 
nuclei,  but  the  "  handles "  or  depending  portions  of  the 
epithelial  cells. 

In  such  flake-like  preparations  some  of  the  cells  are  seen 
to  be  perforated  by  one  or  by  two  clicuUr  lioles.  These  are 
the  passages  for  the  ducts  of  the  unicellular  glands. 
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A  ftimilar  peifurmton  of  luperfirinl  epidennic  cells  for  tbr 
trnntit  of  ducti  of  subjtcent  gUnU*  is  iren  in  the  §kin  of  iW 
common  froc. 

Inlra-epithelial  BU)od-capillaries.—  ln  Mclioni  from  as; 
regiou  of  the  Ix^^h's  body  ihe  6ne  v«h«1b  of  the  huial 
•yatein  naturnUj-  injtrctcd  with  their  own  bmnogtoUa- 
coloured  fluid  may  be  traced  up  to  the  sub-epidermml  eos- 
nectire  tissue,  and  thence  finer  branches  may  be  here  and 
there  fyllowed  into  the  space*  between  the  "  handles  *'  of  the 
maJlei-like  epithelinl  cells.  Three  examples  of  this  dispo- 
sition of  structures  arc  given  in  PInle  XWI.  Fig.  2  is 
drawn  from  a  very  thin  section,  which  allows  the  observer  to 
trace  a  horizontal  reasel  threndiugits  way  umoug  the  colamns 
of  the  epiiheliuni.  In  fie.  8  a  section  is  shown  which  bia 
fortunatelv  cut  one  of  llie  in tni -epithelial  resscls  iransverselj, 
whilst  in  fi)f.  4  a  number  of  vessels  arc  seen  supplying  tha 
ioira*cpitbeltal  plexus,  the  section  being  too  thick  to  show 
wcU  the  iiidivtduul  form  of  the  epithelial  cells. 

The  sections  shown  in   these  three    6guie«   are   merely 
samples  of  a  perfectly  general  nrran^emrnt  which  occurs 
over  tlie  whole  surface  of   the  Leech's   body.      The  intra- 
epithelial vessels  form  a  continuous   plexus,  giving  to 
whole  of  the  epithelial  layer   of   the  skin  a  vascttUr  c 
racter. 

Oeneral  Ittmarkt. — As  a  histological  fact,  the  vascularity 
of  this  epithelium  is  a  novelty.  The  only  vascular  epithe- 
lium, so  far  ns  I  know,  which  has  been  hitherto  described,  is 
that  of  the  clilellumof  the  Karthworm  ;  but  in  that  case  ihe 
vessels  do  not  penetrate  Iwiween  the  cells  of  tin-  most  super- 
ficial layer. 

The  penetralioii  into  tlie  epithelium  of  the  procesies  of 
the  pigmented  vfiBO-fibrous  tissue  is  a  phenomenon  which 
might  be  expected  to  accompany  the  penelralion  of  the  ves- 
sels, since  the  vaso-fibrous  tissue  and  the  capillary  blood- 
vessela  are  virtually  one  and  the  same  tissue. 

Physiologically  the  significance  of  the  arrangement  I  have 
described  is  obvious  enough.  The  true  respiratory  orgau  of 
the  Leech  Is  clearly  this  vascular  epiderni,  and  amongst 
respiratory  organs  it  stands  alone  in  the  nearness  with  which 
the  abiiorberit  blood-vessvls  succeed  in  bringing  themselves 
through  all  structural  obstacles  into  direct  conlact  with  iho 
oxygenating  medium. 
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0»  MeCoyNBcnvB  and  Vasifactivk  Tissuks  of  (A*  Mb- 
DiciNAL  Leecu.'  By  li.  Ray  Lankksteu,  M.A.,  F.U.S., 
Professor  of  Zoology  and  Compnraiire  Anatomy  in 
University  College,  London.  Wilh  Plates  XXVII  and 
XXVIII. 

The  minute  com|jaratire  anutomy  oftliat  group  of  tissues 
which  is  more  or  less  vajtidy  imlicated  by  ilie  tpnn  "con- 
nective substance  "(with  wliich  I  should  associate — as  is  not 
usually  mid  expressly  done— the  vasifactive  [aitgiuplaslic] 
derivatives  of  connective  tissue*)  baa  yet  to  he  worked  out, 
and  when  the  task  has  been  nccompliBhcd  the  great  "  con- 
nective-tissue question/'  in  «'hich  histologiate  were  but  lately 
80  keenly  interested,  will  be  settled. 

There  can  be  no  doubt  that  from  the  point  of  view  of 
general  morphology,  as  well  as  from  the  more  special  point 
of  view  of  the  bislulogistj  the  proper  understanding  uf  the 
nature  and  relntiona  or  the  varieties  of  connective  and  vasi- 
factivc  tissue  is  of  fuudatneutal  importance.  You  have  in 
•  the  idctil  connective  substance  nn  element  the  vast  possi- 
bilities of  which  first  impressed  the  mind  of  Bichat — an 
element  which  can  assume  the  widest  variety  of  form  aud 
funriion,  embracing  the  conditions  known  as  tendon,  fat, 
capillaries,  cartilage,  areolar  tissue,  nrul  endothelium. 

To  study  the  origins  of  this  tissue  uiid  its  varieties  in 
lower  forms  of  organisnttun  cannot  but  be  a  fruitful  labour, 
since  the  histological  differentiation  of  the  higher  Vertebrates, 
no  less  than  their  grosser  morphological  composition,  must 
be  traced,  if  we  are  rightly  to  comprehend  it,  to  simpler  and 
more  archaic  phases  which  are  to  some  extent  at  least  pre- 
served  in  those  branches  of  the  great  animal  pedigree  which 
have  not  advanced  so  far  from  a  primitive  ancescra!  condition 
fls  have  the  Vertcbr.-ita. 

Jictopttiitic  and  enfophstic  tissues. — The  most  fundametilal 
distinction  which  eiiii  be  drawn  morphologically  helween  the 
various  kinds  of  connective  tissues,  is  one  which  also  serves 
to  divide  other  groups  of  tissut;s  and  depends  on  the  mode 

'  See  slso '  Zoologiftclier  Au»ig«r,'  ISSO,  Nq.  49. 

•  Tbe  twrn  "  conuective  Ubjuc  "  ii  ustd  very  unfortimaLtlj  in  differian 
deforces  of  coni)tralicnBircDeaB — sometimes  R&rttlage,  iioiiieiinids  fal,  und 
soinvtimes  Ikiqc,  being  escludeil  or  included  as  tlie  cusp  inny  be.  I  would 
pro[io9c  tbe  term  "  slEelclo-lropliic  "  Tnra  nalurAl  ^roup  oT  tiuucs  wliicli  ii 
divisible  iDto~(l)  Skclelnl,  tiidudinK  fibrous,  luleuoid,  adipose,  bouT,  tanti 
carliUginous  tiuucs.  (2)  V&silBCtive,  inrltidmg  CApilUties  niid  embryonic 
blood'VeiKrb.  (3)  Huiubljmpb,  JDciudin;;  Lbc  Liema  ot  litemaglobintHis 
«l«iucul  aud  IjiJipli,  tbe  coloutfcM  ctcnicul  gf  viincular  fluidi. 
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we  find  that 


■caiK  «t«al  MfavtWB  wmj 
Mtt*  Imdh«|i«Bp«rtha 
th*  «M7  HUM  ihiiMliil  aW  ■hyrielinirel  nnlt  maj  be  ob- 
Vtimi  bj  ft  iMtUMnhmi  Which  ii  atber  eaiopUstic  or,  oa 
the  other  haa4.«cM|lMlic  ThwhfaUne  cartilage  is  cbud- 
tUUy  iHuflMtir,  whether  we  take  she  weU-known  tjpe  with ' 
fMwM  cecpwulw  — belli  J  m  i  mmnx,  or  the  mora  as. 
mml  Conn  with  arbetetranl  oifli  IbiMd  id  the  cartnacet  of 
ft«h  ui4  or  Ci|b  In  III  Ob  ^  other  hmd,  notochonlal 
titottt,  whkh  M  oAm  leoadj  tfofcea  of  •>  •*  a  kind  oTcar. 
lilage,"  diion  ft«h»tnSfy  b9m  1 1  N|ilMlii  cartilage  in  the 
facl  that  the  cell  ■Mtaaonhoaa  a  enentially  entonhitic, 
OCf  Utii^  mtkm  the  area  at  the  ocifiul  protopkenuccw 
iniielek  aad  not  in  the  htm  of  a  ifpniil  CBrroandiiie  ant] 
twboddtllf  the  tmbryoiue  aajt.  I*  that  Tarietj  or  cos- 
iirelivi»  iMUie  which  dcaueeBf  £A««  fnm  cartilage  in 
yiehUiiK  a  Iru  dence  wad  tanftaat  pndoct  of  neiaDuirpfaosis 
ihKh  ihjit  which  is  assDcialpd  with  the  name  ofcattilace,  we 
tltul  rtiiiaUt  thv  two  gmt  merphological  Tmraetiee  of  cnto. 
lOnkliv  niul  i>clopluuc  ti»$ue.  Fifams  ttsme  generallv  is 
pt'lt>|iUi>iic — that  is  to  far,  the  pro(o|ilasmie  conHteelce  le- 
iiiniti  iitoix>  <>t  li-»a  inuct  whiUt  ^urrottoded  by  the  fibitMU 
mill  Uiui'lUr  tnaseee  to  wluch  they  ban-  peripherally  w 
Inlvrnlly  |[ivi'n  origin.  This  ts  trvie  of  ordinary  subcutaaeous 
NtvoUtr  ti>iiui,>,  of  ti>ndMi,  of  mucous  tissue  (umbilical  cord 
Afi.),  mill  uf  corneal  tissue.  At  the  same  lime  we  fit  ~ 
til  VAititiiK   Invrrlrbrate  groups  (not  in  the  Vettebrata) 

>  U'livii  iliki  b  the  oMo  Uw  eolaBlmfa  ead  ibe  catopiwtio  prodoeU  of 
tnriHii><><|>l>n*iK  nn  uinall;  of  •  dinai  cbenical  aatmn  aid  ef  iliffmui 

lihijpukikl  |>h>|<oitlw. 
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eutoplulic  form  corres[>on(ling  chemically  nnd  Functionnlljr 
to  theectoplastic  forms  just  ciwd.  This  is  the"grossbla»i};e 
Bindegewebe  " — ihe  vt-nicular  connective  tissue  so  ubutidatit 
in  the  alollusca,  in  the  Ncmcrtines,  and  other  Invcrtcbrata. 
The  only  tissue  which  in  form  represents  this  among  thy 
connective  tissues  of  Vcrtcbrata  is  adipose  tissue.  Vesicular 
connective  tissue  stands  in  the  same  relation  to  mucous 
tissue,  tendon,  and  corneal  tissue,  as  does  notochordal  tUsue 
to  hyaline  or  fibruus  cartilage. 

Yet  further,  the  tissues  of  the  connective  group  which  are 
specially  related  to  the  nutrient  Auids  (such  as  blood  and 
lymph),  and  which  form  the  wall  of  the  cmlom  or  of  blood- 
channels,  may  be  eutoplosiic  when  they  give  rise  by  internal 
metamorphosis  (liquid  vacuolatiou]  to  capillary  vessels,  or 
ectoplastic  when  they  constitute  spongy  or  lacuniferoiis  cell 
aggregates,  the  cells  separated  by  iH/cr-crllular  channels,  such 
as  we  tiiid  in  the  "  pulp"  of  lymph-glundB  and  the  spleea 
and  in  the  lacunar  tissue  of  MuUusci-.'  The  recognition  of 
these  two  modes  of  cell  metamoTphosis  appears  to  me  to  he 
important,  as  enabling  us  to  bring  together  as  n^orphological 
varieties  of  one  and  the  same  tissue,  having  the  enme 
chemical  and  physiological  eignificntice  tissues,  which  are 
frequently  separated  from  one  another  without  scientific 
method,  or  eUc  are  abitrarily  placed  side  by  side  in  con- 
sequence of  the  recognition  of  chemical  and  physiological 
resemblances,  without  sufficient  emphasis  being  given  to 
their  very  different  morpliological  character. 

Eet^piastic  and  entopiaalte  connectice  substance  of  the 
Xjftch. — In  the  medicinal  Leech  two  forms,  and  only  two 
chief  forms  of  skeleto-trophic  ttsiiue  arc  to  be  discoverrd. 
The  one  is  an  ecioplasLic  couneuiive  tiuhstuiice  resembling 
somewhat  the  jclW-lilte  tissue  of  the  umbilical  cord  (PI. 
XXVll,  fig.  1}  ;  this  I  shall  term  "  eeloplastie  conncetiva 
jelly"  (in  contrast  to  the  "cutoplastic  connective  jelly  "  so 
abundant  in  Molluscs).  The  second  kind  of  skele to- trophic 
tissue  found  in  the  Leech  consists  of  greatly  Lranehiug  and 
nnastomosing  fibres  (PI.  XXVH,  fig.  1,  fh,  and  fig.  3), 
which  are  often  darkly  pigmented  by  £ne  granules,  and  are 
not  unfrequently  tubular  (fig,  4),  passing  by  insensible  gra- 
dation and  actual  continuity  of  substance  into  the  form  of 
very  delicate  capillaries^  which  abound  in  all  parts  of  the 
Leech's  body  and  contain  hienm,  that  is,  lluid  impregnated 
with  hmraoglohin.  It  is  a  mmlificaliou  of  this  tissue  which 
forms    the    pigment    patches  of   the  integument    (see  PI, 

'  See  H.  H,  Peek.  "On  the  Struclupo  of  tbc  LaniellibrHucli  Gill,-'  thil 
Journal,  1876. 


XXVI,  Sg.  4)>  and  an  extreme  modification  in  the  oppwle 

direction,  wliicli  ajipears  under  tlie  furtn  of  botryoidal  dMO* 
(PI.  XXVIII,  6;;.  15)  callrd  bepntic  lij  Brandt,  miatakca 
foe  cutaaeous  gUtids  by  licuckart,  nod  compared  U)  the  (mIIJ 
body  of  insects  by  Leydig.  1  pTop*)«e  to  term  this  enio- 
plastic  form  of  skdc to- trophic  tissue — which  hna  so  Protean 
a  cliaracter — "  va&o-fibrous  tissue." 

Thfi  coHttfctire  jelly  of  the  Leeek. — ^Thtu  tisane  may  be 
best  studied  on  perfectly  fresh  itimplcs,  which  are  to  be 
obtained  by  teasing  any  portion  of  the  muecular  paren- 
chyma whirh  intervenes  between  the  integument  and  ibe 
wall  of  t)ie  alimentary  canal. 

It  consists  of  o  jelly-like  matrix,  iu  which  are  embedded  nti* 
merods branchei  corpuscles,  varying  in  diHrocicr  from  xA-Btb 
to  the  jft'^oihofaninch.'  The  branches  of  the  corpuscles  are 
drawn  uul  into  very  fine  processes,  and  finally  are  lose  in 
exceedingly  delicate  filaments,  which  permeate  tlie  jel'y  in 
every  direction.  Treatment  with  nitrate  of  silver  gires  tbe 
usual  resuU  ohsorrcd  nvith  such  tissues,  tul  a  dark  atainiug 
of  the  matrix,  whilst  the  corpuscles  are  left  as  clear  spaces. 

The  corpuscles  vary  in  siJic  and  in  colour  in  different 
Bpecimens  of  the  tissue.  When  young  they  are  small  and 
contain  n  few  highly  refringcnt  granules  of  large  and  regu> 
lar  size.  Ohler  ti-act.^  of  the  tissue  show  corpuscles  of  larger 
siite,  the  grnnules  within  thcni  being  very  numerous,  of  laige 
size,  and  similar  lo  one  another  ;  the  granules  are  in  these 
older  t-ellf  of  n  decided  brown  or  straw  colour.  In  some 
parts  the  corpuscles  may  be  found  to  be  very  much  elongaled, 
and  3ugge»ifi  tlic  pos^^iliiliiy  uf  a  transition  from  the  ceto- 
flastic  connective  j<^-Uy  to  the  entoplnstic  vaso-fibrous  Itssue. 

Even  in  perfectly  fresh  corpuscles  of  tbe  connective  jelly  a 
clear  space  amongst  the  granules  may  be  observed,  which 
indicates  the  nucleus.  Trentment  with  oamic  acid,  followed 
by  picro-carmine  (on  the  glass-slip,  wliilst  under  a  cover- 
glass,  in  the  manner  recommended  by  Ranvier),  gives  two 
interesting  results.  Firi^t,  the  granules  become  very  much 
stained  by  the  osiiiic  acid,  and,  secondly,  the  uucleui^,  hut  no 
other  pnrt  of  the  corpuscle,  becomes  coloured  by  the  carmine 
(PI.  XXVII,  fig.  2). 

The  highly  refringcnt  granules  of  these  corpusules  are 
very  churnctcrtstic  on  account  of  their  largeness,  their  colour, 
and  their  regul.inty  of  furni  and  t-ize.  Tlicy  are  not  simply 
fatty  niaitcf,  since  they  are  not  dissolved  by  ether.  They 
arc  possibly  of  the  same  chemical  nature  as  the  very  much 

'  A  Tcry  itiinilnr  tUsun  occura  liBiieiiI.li    tlie   npideruiia  of    Sipiuiemiiu 
'^w,  baring,  liowever,  i  more  c&rtiiigitioid  matrix. 
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[mure  minute  brown- coloured  i^anulcs  which  occur  in  various 
pArt5  of  the  vasD-flbrous  tiuue. 

'l%e  taso-fibrous  tissues  of  the  Medicinal  Leech^— 
Wheuevcr  uiiy  |K)ilioii  uf  the  muscular  tissue  or  any  or^an 
of   the  Icrch  i.t    exftmiut'd   under  ihc  microscopCj  a  large 

Smautity  of  dark  browu  fibres  are  sure  to  be  uoticed,  either 
orming  an  investment  to  the  orj>an  or   ramifying  over  the 
field  of  the  microscoite  (PI.  XXVII,  fig.  3). 

This  syslcui  of  fibres  penetrates  every  region  of  the 
Leech's  body.      It  is  continued  superHcialiy    inlo    the  cpt- 

t  dermis,  beneath  and  between  the  cells  of  which  it  forms 
the  characteristic  pigment  spots.  Tt  occin-s  between  the 
bundles  of  muscular  fibres,  as  maybe  seen  in  the  secliun 
(fig.  18  y.)  of  Mr.  Bourne's  IM.  XX.V.  It  forms  a 
looae  sort  uf  fettwork  on  the  surface  of  the  nephridium  of 
l1ie  testes  mid  uf  the  alimentary  canal.  It  is  puiticularly 
rich  aud  thickly  developed  on  the  wall  of  the  bloud-siuus  iu 
which  the  ventral  iierve-cord  is  placed. 

AVbca  examined  with  a  hij^h  power  the  fibres  are  seen 
to  be  of  varying  thickness,  and  many  of  them  iipparcntly 

•  hollow,  80  that  the  larger  fibres  are  tubular  ratlier  than 
solid,  and  nioreoverj  the  tubular  wall,  according  to  the  con- 
dition of  tension  or  relaxation  of  the  tissue,  may  be  smooth 
or  thrown  into  transverse  rugx  (PI.  XXVII,  tig.  1).     Treat- 

Iment  with  osmic  acid,  followed  by  picro-earmine,  has  the 
effect  of  demonstrating  the  nuclei  of  the  cells  by  which  this 
tissue  is  formed.  The  nuclei  (PI.  XXVIT,  fig.  4)  are  seen 
to  be  scattered  at  intervals  iu  the  course  of  the  fibre,  and 
when  this  is  tubular  they  project  internally  into  the  lumen 
Kof  the  tube.    The  substance  surrounding  the  nuclei  isdeufiely 

■  packed  with  very  fine  granules  and  does  nut  stain  red  with 

■  picro-carmine  as  do  the  nuclei  ihenieelves.     In  many  fibres 
'(apparently  old  aud  fuUy  differentiated)  nuclei  are  either 

exceedingly   rare   or  are  not  to  be   ilelectod.     It    appears 

•  probable  that  in  these  fibres  the  nuclei  of  the  original  cells 
have  disappeared  and  left  only  the  finely  granular  cell- 
substance  to  play  the  part  of  a  connective  substance. 

In  many  of  the  tubular   fibres,  however,  the  nuclei  are 
Rftbnndant,  and  show  a  series  of  transitional  eoiidttions,  tndi- 

■  cating  that  they  gradually  become  freed  from  the  granular 
H cell-substance,  and  at  first  project  into  the  cavity  of  the  tube, 

and    then   become   detached   and    float    freely    in    it    (PI. 

XXVII,  tig.  4  and  fig.  b).  Some  of  the  fibres  of  this 
L«vijipm,  which  are  d(.-tinitely  continuous  with  the  darker  and 
Itnick-walled  fibres,  hnve  n  pale   aspect  and  relatively  few 

•tunulntions  in   the  wall,  whiLit   the  nuclei  are  abundant 
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(fig.  5).  The  appearance  of  titfsc  pnle  holloi*  fibres  at  ot 
iinpresBcd  ine  with  a  close  similaritjr  lo  the  duvt-Iopii  _ 
capilliirics  of  Vcrtcbrata,  I  hud  previously  been  able  to 
demonstrate  (see  ihU  Journnl,  vol.  xviii,  "  The  Va«calar 
Fluid  of  the  Earthworm  »  Corjiuectilntoil  Fluid")  that  the 
deliciile  vesselH  of  the  tviI  v&ixu\fiT  sysU-ui  uf  llir  Kariliworm 
roiitAin  corpuscles,  which  arc  nothing  more  nor  less  iliau  ihu 
liberated  nuclei  of  celU  which  line  the  walls  of  those  vessels^ 
and,  accordingly,  1  was  prepared  to  find  in  the  vessels  of  the 
Tjfcch  (in  the  congeners  of  which  the  existence  of  "  blood- 
corpuscles  "  has  been  generally  asserted)  corpuscles  deve- 
loping by  the  liberation  of  nuclei  belonging  to  the  cells 
which  constitute  the  vascular  wall. 

At  the  (>auie  time  the  structures  which  I  had  before  me 
[PI.  XXVII,  figs.  4,  5,  G,  7)  were  not  vessels  forming  part 
of  the  roil  vascular  system  of  the  I-eech,  but  tubular  fibres 
connected  with  the  general  system  of  brown-coloured  fibres 
pervading  the  body  of  the  Leech.  The  vessels,  in  fact,  in 
wliich  I  obsen-cd  (his  displnccnient  of  the  nuclei  were  not 
filled  with  lia'moglobinous  fluid,  but  had  clear  contents,  and 
evidently  had  not  yet — if  ever  they  were  destined  to  have — 
any  communication  with  the  red-coloured  vascular  system. 
My  next  care,  therefore,  was  to  search  for  any  evidence  of 
ihf  connection  of  such  tubular  portions  of  the  brown- 
coloured  system  of  fibres  with  the  blood-vesseU. 

ThinicuHvil  blood-vetsch  vf  (he  it'tvA.— Tlie  finer  vessels 
of  the  Leech's  hicmoglobtnous  vascular  system  are  remark- 
able for  tlie  exceeding  delicacy  of  their  walls.  In  no  in- 
stance have  I  succeeded,  by  means  of  reagents,  iu  demon- 
strating any  nuclei  in  those  walls;  and,  further,  by  the  use 
of  nitrate  of  silver  I  have  not  succeeded  in  obtaining  any 
indication  of  cell-outlines  on  those  walls  which  I  expected 
to  be  able  to  demonstrate  since  Mr.  D'Arcy  Power  had»  when 
working  with  me  at  the  histology  of  the  E.-»rthworm,  ob- 
tained such  cell-outlines  in  the  finer  vessels  of  that  animal 
(this  Journal,  lft78),  where,  moreover,  nuclei  are  always 
readily  demonstrated,  even  in  the  very  finest  capillaries. 
The  structureless  character  of  the  thin-wall«d  blood-vesseb 
of  the  medicinal  Leech  Is,  then,  a  peouliarily  which  separates 
them  from  the  apparently  similar  vessels  of  the  Karthworm, 
and  renders  it  not  improbable  that  the  two  sets  of  vessels 
may  have  a  diverse  devclnpmentul  history.  Rarely  I  have 
fotind  corpuscles  consisting  of  free  nuclei  in  the  vessels  con- 
laiuiiig  red  fluid  in  the  Leech.  Two  such  instances  are 
drawn  in  PI.  XXVII,  figs,  13  and  IL     In  the  one  case  the 
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red  fluid  is  still  present,  in  the  other  the  action  of  reagents 
lind  caused  iU  removal,  leaving  only  the  corpuscle*. 

CoTuiection  between  the  fjrown  fibres  and  the  thin-walled 
vegsds. — Here  and  there  a  careful  search  in  longiiudiria! 
secliytis  of  the  Leech  (hardened  in  chromic  acid,  4-  per  cent., 
followed  liy  filctdiol)  revealed  some  thin-walled  vessels 
(61tc(I  Tvilh  their  red  fluid),  in  which  the  usual  structureless 
character  of  the  wall  was  modi^ed.  Instead  of  being  abso- 
lutely structureless  the  membranous  wall  shoired  thick- 
enings, which  were  densely  packed  with  fine  brown  granule*, 
identical  with  those  of  the  brown  fibrous  tissue.  After 
some  search  I  found  several  examp)Ie9  of  Me  direct  continuittf 
of  thirt-tetiilt-J  tetseh  mth  the  tubular  Ji&res  of  the  broictt' 
yigmented  tystem  of  fibres.  Three  such  instances  are  repre- 
sented in  PI.  XXVII,  figs.  8,  10,  m\^  11.  Figs.  9  and  12 
represent  ccccol  terminations  of  branches  of  the  red  rasculnr 
system,  in  which  it  ap]>eats  that  the  ciecal  extremity  of  the 
branch  ia  continued  into  a  fine  fibre.  Such  an  appearance 
admits  of  the  interpretation  that  a  prie-forraed  tube  has 
been  placed  iti  cnnimiuiicntion  with  the  red  vascular  system, 
which  has  then  filled  it  with  hiemoglobinouB  fluid  up  to  the 
point  where  its  lumen  ceased,  and  where  the  tube  ceases  to 
be  tubular  and  is  merely  a  solid  fibre. 

From  these  observations  I  cannot  doubt  that  the  thin- 
walled  blood-vessels  and  the  brown-pi»mentcd  fibres  of  the 
medicinal  L'.-ech  are  virtually  one  and  the  eame  tissue,  past- 
ing into  one  another  by  insensible  gradation,  and,  what  is 
of  more  importance,  actually  in  continuity  with  one  another 
at  certain  points,  as  processes  of  one  and  the  same  set  of 
vaso-fibtous  cords. 

It  is  not  possible  at  present  to  offer  a  definite  opinion  as 
to  whether  the  devtiopnient  of  tubular  portions  of  the  brown- 
pigmented  system  of  fibres  into  thiu-wulled  vessels  is  a  pro- 
cess which  is  always  and  normally  going  on  in  the  Leech's 
body.  It  is  possible  to  suppose  that  the  solid  brown  fibres, 
the  tubular  brown  fibres,  and  the  thin-wallcdhiematopliorous 
vessels,  are  three  permanent  varieties  of  the  vaso-fibroiis 
tissue.  Uut  I  am  inclined  to  think  from  the  fact  that  not 
Qvou  young  ba:niutoplioruus  vesscU  with  nuclei  in  their  walls 
ore  to  he  mot  with  in  the  Leech,  and  from  the  fact  that  the 
tubular  brown  fibres  diacharge  iulo  their  tubular  cavity 
uumcrous  nuclei  identical  in  appearance  with  the  corpuscles 
which  arc  here  and  there  to  be  detected  in  the  hicmato- 
pliorou&  vessels,  that  thcro  is  ncttiatly  a  continual  develop- 
ment of  offshoots  of  the  hrown-pij^uiented  system  of  tlbres 
into  thin-walled    hicmatophoroua  vessels,  the  nuclei  cuter- 
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iiig  tlie  blocxl-slreun  ffheu  comaiunicBtioQ  tfl  once  eiti* 
blislied  and  the  bruwn  graoular  w»li  becomiug  tratispareal 
am)  stnictiirelc^H  hy  the  abeorption  of  its  grnnules. 

liotrjfoidal  tissue  {to-callvU  hepatic  ttttue).-—!  hare  now 
to  notice  another  <levelo])ment  of  the  vaBO-fibrous  tissue,  the 
cliftiacters  of  winch  are  tuch  as  to  conlirm  the  view  already 
advanced  as  to  the  potential  identity  of  the  brown- pigmented 
fibres  nnd  tlie  vessels  of  the  red  vascular  Hy«tein.  Xearly 
Kurroundin;;  ihc  wall  of  the  Alimentary  canal,  but  leparated 
from  the  epithelium  of  that  organ  by  n  vascular  plexus,  by 
a  peculiar  series  of  muscular  fibresj  and  by  fibres  of  the  vaso- 
fibrous  system,  is  a  mass  of  dark-browii  botryoidnl  tissue 
(PI.  XXVIII,  fig.  IftJ,  which  has  been,  on  account  of  its 
position  and  colour,  regarded  as  "  hepatic."  1  was  not  a 
little  surprised  on  studying  the  structure  of  this  tissue  by 
means  of  transverse  sections  and  of  leased  preparations,  to 
find  that  it  has  in  no  way  the  luast  structuml  resetnblance  to 
a  hepatic  gUnd,  but  is  simply  a  plexus  of  htcmatophorous 
vesvels,  the  wiillv  ofwiiich  are  Hwgllen  in  botryoidal  fashion  by 
the  enlurgeiiient  of  the  individual  cells  which  constitute  ihem. 
The  cells  which  constitute  the  wall  arc  a  single  scries ;  there 
is  no  external  tunic  nnd  no  internal  endothelium,  In  tliose 
parts  of  the  plexus  where  its  special  chutacter  is  fully  dc' 
velopcd  every  conBtituent  cell  is  seen  to  have  a  hemispherical 
shape,  standing  out  on  the  surface  of  tlie  vessel  (PI. 
XXVIII,  fig.  19),  and  its  substance  is  found  to  be  densely 
charflcd  with  very  fine  brown-coloured  granules.  A  clear 
nucleus  can  be  detected  in  most  of  the  cells.  The  luroeti  of 
the  vessels  bounded  by  these  singular  cells  is  larger  than 
that  of  the  average  chin-walled  hsematophorous  vessel,  roea- 
iuring  i-rVcth  of  an  inch  on  an  average.  The  vessels  form  a 
true  network  in  the  denser  part  of  the  plexus,  but  every- 
where CBCcol  branches  of  the  vessels  are  found,  which  appear 
to  be  buds,  as  it  were,  of  the  system,  which  ar»  growing  for- 
ward to  form  unions  with  other  bnmchctt,  and  so  extend  the 
plexus  ;  near  the  boundary  of  the  masses  of  botryoidal  tissue 
very  interesting  preparations  may  bc'  obtained,  showing  the 
connection  between  the  botryoidal  vessels  with  thickened 
cells  to  their  walls  nnd  the  thin-walled  vessels  of  the  general 
lijcrantophorous  system.  Such  a  preparation  is  drawn  in 
PI.  XXVIII,  iig.  la.  The  botryoidnl  vessels  are  seen  as 
buds  or  branches  carried  by  a  tliin-walled  vessel. 

The  nature  of  the  granules  contained  in  the  c<-lls  of  the 
botryoidal  vessels  I  have  not  iu  any  way  delerminedj  and  I 
am  aUogclhcr  unable  to  Hug{jeat  at  present  what  may  be  the 
significance  of  this  portion  of  the  vaso-fibrous  system.     It 
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appears  to  tne  thni  the  grauulvji  ate  aimilar  lu  those  of  the 
'irown<pigtneTitcil    fibres,  but  of  this   I   am   by  no   means 
rtain. 

FurthfTfit  appears  exceedingly  probable  that  these  granules 
of  the  same  physiological  nature  as  the  yellow-brown  gra< 
nules  which  load  the  endothelial  cells  of  the  ctfilom  of  the 
hworm  and  other  Chffitopoda  in  the  region  of  the  alimcn- 
ry  canal.  In  the  Earihworm  these  cells  not  only  formacom- 
ilete  tunic  to  the  intestine,  hut  aUo  invent  the  large  blood- 
easels.  At  the  iiame  time  it  must  be  distinctly  pointed  out 
at  the  cells  which  thus  clothe  the  large  vessels  of  the 
rthworm  and  the  contractile  vascular  cxca  of  Liimbri- 
eulus  arc  not  the  cells  which  form  the  proper  wall  of  the 
blood-vessel,  bnt  lie  externally  to  these.  Hence  their  rela- 
tion to  the  vascular  fipace  and  to  the  ha;moglobinous  fluid  is 
•Bscntialiy  different  from  that  of  the  granular  cells  of  the 
llotryoidal  vessels  of  the  Leech. 

Pntnoua  ohstnationt  relative  to  tie  brovn  fibret  a«d 
hoiryoidal  reueU  iff  the  Medicinal  Leech. — It  ia  not  desirable 
to  go  over  the  history  of  a  aobjcct  which  has  not  of  late  years 
Vonned  the  subject  of  serious  investigation.  The  opinion  of 
Brandt  that  the  botryoidal  form  of  the  va90-fifarou9  tisane  of  the 
Leech  was  hepatic  in  character  has  never  been  maintained  bj 
any  histologi^t.  The  two  observers  who  have  studied  the  Leech 
irith  the  aid  of  the  microscope,  namely,  Leuckart  and  Leydig, 
have  both  rejected  Hrandt'a  view  as  to  the  botryoidal  tissue,  but 
Inve  advanced  divergent  upiniuna  of  their  own. 

I.<euckarl  C  Die  Mcneclilirhen  Parasiten,'  vol.  i)  studied  the 
tnatomy  of  the  Leech  by  means  of  transverse  sections,  and 
irrivcd  at  the  conclusion  that  Brandt's  "hepatic  tiosuv"  was 
aothing  more  nor  le^s  than  a  mass  of  deep-lying  epidermal 
^ands.  In  this  he  was  micled  by  the  circular  outliuc  of  the 
botryoidal  vcsstds  when  in  section,  and  by  the  fact,  which  he 
Iras  the  first  to  ohservo,  that  unicellular  epidermal  glands  do 
ravel  very  deeply  into  the  body- wall  of  tiie  Letclt,  and  form 
[roups  of  spherical  cells,  which  are  obvious  enough  in  trans* 
erse  sections  (see  Mr.  Bourne's  fig.  13,  Plate  XX V). 

Leydig,  in  his  'Histology*  (1^57),  states:  "Relatively  to 
'■*  the  liver  of  the  Leeches,  properly  so  called,  my  observations 
*  compel  me  to  ditftT  completely  from  the  prevailing  opinion. 
t*  Certain  utriculi,  of  a  brownish-ypllow  colour,  which  envelojie  the 
^  stomach  and  intestine,  are  commonly  considered  tu  constitute 
"  the  liver;  these  utricles  open  one  into  the  other  by  means  of 
'*  their  excretory  canals,  and  pour  their  contents  on  to  the  internal 
^tmrfaoo  of  the  intestine.     Contrary  to  this  view,  I  venture  to 
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*'  nitiiliui  that  tlic  turn  of  tbe  Leedn^  wludi  n  nguded : 
"  Ihrcr,  hu  a  Trir  different  gigirifcMtion ;  h  oiwht  to  be  phe«d 
''«kn»itd«of  tbebttjbodieaof  ihcAitluoiMibL  It  wfomcd 
**  U  celU  of  ruioai  ass  lud  of  nhable  form,  raaad,  dosgatcdj 
"■onKiiBMdimwn  oat,  aodfihrou;  in  other  euei  tite  ce&  >n 
"nuoificd  ud  the  protongitioM  aaulOQiow  vHh  one  makber; 
"  frequently  the;  fonu  tabes  vith  bemisphnica]  promiocnots ;  ui 
"thort,  they  reproduce  all  the  Tarietiea  of  form  irhich  arc  pre- 
"  eeuted  bv  the  CfUs  which  coiapoM  the  fatt/  body  of  Arthropods. 
"In  Ui/udo,  lismopii^  and  >epbeii>,  the  ceU-ooideDt  i&  foniird 
**  by  a  bron  mnaUr  mass  ia  grwter  or  leas  abtmdanoe.  Jut 
"  as  the  fat  bod;  of  Arthropods  is  in  connectioQ  with  the  external 
"membrane  of  the  tracher,  inteatioe?,  kc,  so  also  the  tinae  of 
"the  Leeches,  which  has  wrongly  passed,  up  to  the  present  timcj 
"  for  the  liver,  is  in  connection  with  the  councctive-tissae  envelope 
"  of  the  intestine ;  it  embraces  not  only  the  alimentary  tract,  hot 
"  it  also  constitute:;  the  brown  envelope  of  the  te«ticular  veaodes, 
"  the  iMnicii  ailientiiia  of  the  vascular  trunks,  the  loose  brovn  en* 
"  velope  of  the  nen  ous  system,  &c. ;  in  a  word,  this  liver  is  simply 
"  a  form  of  connective  tissue,  which,  in  the  ab*ence  of  a  piopex 
"  perivisceral  cavity,  fills  up  all  the  interstices  aitnated  between 
"  the  organs  which  it  ioveata.  Ite  resemblance  to  the  fat  body  of 
"  Artltropods  has  other  facts  to  support  it.  Thus,  alLliough  the 
"  brown  eraoules  make  up  ihe  hulk  of  the  cells,  yet  it  may  be  ob- 
"•enred  (Uamopit,  for  instance]  tliat,  among  the  brown -coloured 
"  networki9,  llieru  are  other  fibres,  the  cells  of  which  have,  as  con* 
"tents,  colourless  granules  of  a  fatty  nature;  and,  what  is  still 
"  more  striking,  is  tnat  in  Clepsine  and  Piscicola  a  well-dcvclopeti 
"  fatty  tiasae  occnpiis  the  place  of  these  bro«*n  networks.  Where 
*'the  cells  form,  by  means  of  their  outgrowths,  a  system  of  mcsh- 
"  work?  the  cavities  arc  tilled  by  gelatin.  Besides  observation  oo 
"  fresh  specimens,  1  recommend  the  foUowiug  mode  of  preparation: 
"  — A  leech  ia  throwji  into  hot  water,  it  is  then  dried,  and  fine 
"  transverse  sections  arc  made,  which  are  then  soaked  in  slightly 
"  acidulated  water.  U  is  theji  clearly  seen  that  the  conuective 
"tissue  which  envelopes  all  the  orgntis,  taking  ila  point  of  de- 
"  partnrc  from  llie  integument,  and,  traversing  all  the  musclcS]  is 
"  llUed,  in  certain  parts  and  in  its  cellular  elements,  by  brown 
"granules,  and,  moreover,  that  the  colouring  matter  is  of  the 
*'  same  nature  as  that  of  the  integument." 

Thus,  it  appears  that  Leydig  had  arrived  at  very  nearly  the 
tame  conclusion  with  regard  to  the  rcEationship  of  the  botry- 
oidal  tissue  and  the  hrown  fibrous  tiesue  as  that  to  which  I 
have  brcn  led.  He  had,  however,  entirely  misstd  the  connec- 
tion of  both  these   forms  of   the  vaso-fibrous  tissue  with   the 
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li!ematophorou8   vessels,  the  blood-vesaels  as   thejr  are  usualtj' 

called. 

In  a  mach  more  Kceai  vork,  however,  nnmclyj  iu  his  excel- 
lent treatise  on  the  anatomy  and  histology  of  the  Oligochoelous 
vorm,  Pireoryeiet  menkeaniu  {' Archiv  f.  mikrosk.  Anntomie/ 
vol.  i,  lSGS)j  Leydig  han  touched  upon  various  points  in  the 
anatomy  of  other  worms  illiwtrativc  of  Phreoryctes.  He  there 
ilgures  a  small  piece  of  tlic  botryoidul  ()!<sue  of  the  Leech  and 
remarks  on  its  vascular  nature^  showing  that  since  ihe  pul)Iicn- 
tion  of  his  *  Histologic,'  be  has  ascertained  the  fact  that  the  cells 
of  the  botryoidal  tissue  form  the  walls  of  bbod-vesfels. 

The  observations  of  Lcydig  irhich  T  have  shove  cited  relative 
to  the  eonlinuity  and  identity  of  the  epidermic  pigment,  inter- 
muscular aod  tunic-foriiiing  libn-a,  und  botryoidal  or  so-ciiUed 
hepatic  lissucj  show  that  he  had  arrived  at  the  conclusion  that 
wlifit  I  have  called  the  "vaso-fibrou!"  tissue"  is  oiic  and  the 
fame  structural  clement  with  a  variety  of  modiQcatiopd,  hut  he 
has  not  included  in  its  area  the  hrcmatophorous  vessels,  as  1  have 
found  it  necessary  to  do,  nor  is  the  very  valuable  passage  which 
I  have  cited  from  the  '  Ilistotogio'  explained  by  drawings  cither 
in  that  work  or  by  those  which  the  aulhor  has  given  in  illustra. 
tion  of  his  moit  admirable  pjipcrs,  published  from  time  to  lime 
in  the  '  Zeitsch.  f.  wies.  Zaotogie.' 

Infeciion  of  tie  vatofifiroua  tiuue. — In  the  course  of  some 
experimenta  made  by  injecting  indigo- carmine  beueatli  the  in- 
tegument of  the  Leech  in  order  to  observe  (if  possible)  the  excre- 
tion of  that  subsfflncc  by  the  nephridnl  cells,  1  waa  slrack  by 
the  fact  that  in  transverse  sections  of  leeches  so  treated,  the  in- 
termuscular brown  fibres  of  the  vaao-Qbrous  system  were  very 
uniformly  coloured  blue  by  the  indigo-carmine,  to  the  exclusion 
of  other  parts  of  the  organism.  I  am  not  able  to  say  whethej 
this  was  a  roschaDJcal  injection  of  the  tubular  fibres,  or  whether 
it  was  rathisr  dnc  to  a  selective  vital  action  on  the  pnrt  of  Ihe 
vaso-hbroua  tissue,  similar  to  that  noted  in  Vertebrate  areolar 
ligjue  by  Arnold.  I  am  inclined  to  think  that  it  was  not  me- 
chanical since  the  vessels  of  the  hai^matophorus  system  were  not 
injected.  Tliis  latter  fact  could,  however,  be  explobed  on  the 
hypothesis  that  these  vcs«)els  were  already  lilled  with  their  hicmo- 
glohiuous  fluid,  whilst  ihe  tubulnr  tlbres  of  the  brown  fibrou» 
tissue  were  in  &  non-distended  hut  distensible  condition. 
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On  ih«  Ubg  of  tht  WssnAM  Hisoctlar  wUh  Hiok 
Powers.     By  llKifHAGE  OishUj  M.B. 

A  GRKAT  mnny  pUiis  have  been  tried  for  the  purpOBe 
obtHiDiiig  stcreoscopx  effect  with  ht{;h  powers,  nnd  tb«e 
have  nil  required  a  Kpeciftl  gtnnd  or  »]>ci:ial  uppitratus  entirely 
removed  out  of  the  reach  of  the  ordinary  working  uiicro- 
scopiet,  and  this  led  I  think  to  the  prevalent  idea  that  ihn 
binocular  mtcruncope  is  entirely  untuited  for  hiatological  or 
patbologicat  research. 

Mr.  Sti'wari,  of  St.  Thomas's  Hoi^pital,  sliawed  me  a  j^  of 
Zeiss's,  which,  by  removing  the  from  purt  and  screwing  it 
on  to  uu  adapter^  ^ave  iHrrfecL  stereoscopic  effect,  and  this 
induced  mc  to  try  the  oil-immcrsion  lenses  in  the  same  way. 
I  unscrewed  the  front  of  my  Vr  <>>l  ^y  Zeiss,  and  screwed 
it  on  to  an  adapter  made  in  such  a  manner  that  the  lens  was 
brought  as  close  as  this  form  of  mount  would  allow  to  the 
prism,  and  by  cutting  off  the  lower  part  of  the  slide  below 
the  rackwork  of  the  coarse  adjustment  I  was  enabled  to 
brinff  the  objective  low  enough  to  reach  the  object. 

With  this  nrrangemciit  I  found  that  I  could  not  get  per- 
fect stereoscopic  effec»,  but  I  got  it  Dear  enough  to  show  me 
that  if  I  could  bring  the  glass  a  little  nearer  the  prism  the 
effect  would  bo  obCaineil,  the  black  bands  on  either  side  of 
the  field  being  very  small.  With  this  view  Messrs.  Powell 
and  Ijcaland  made  nie  a  ^V  oil  immersion  in  which  the  front 
is  made  to  ncrew  off  just  behind  the  back  combination,  and 
a  screw  is  cut  on  the  outside,  so  that  the  front  can  be 
screwed  into  an  adapter,  and  this  again  inio  the  body  of  the 
binocular  microscopCj  thus  bringing  the  objective  almost  in 
contact  with  thepiiam. 

Wiih  this  glttSR  the  stereoscopic  effect  is  perfect,  the  whole 
field  is  illuminated,  and  the  result  ohtnined  is  really  wonder- 
ful. Taking  h  preparation  of  the  tadpole's  tail  hardened  in 
gold  Boliilion,  tht)  different  elements  are  seen  in  their  true 
relations  to  each  other;  there  is  no  diiBcully  in  deciding 
whether  a  fine  nerve-terminntion  passes  over  or  under  or 
INTO  a  connective-tissue  corpuscle.  Cells  are  seen  not  as 
flat  plates,  but  as  spheroidal  bodies,  witli  thMr  intranuclear 
and  intracellular  network  pervadint?  thuir  whole  substance. 

The  only  difficulty  I  have  found  in  to  [lersuailc  people  that 
the  power  is  really  so  high,  objects  stand  out  in  such  l>old 
relief,  they  cannot  believe  it  possible.  I  have  had  a  -,V  oil 
made  by  Messrs.  Powell  and  Lealnnd,  nnd  this  glattSj  although 
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there  is  s  ilight  shade  od  either  side  of  the  field,  gives  per- 
fect stereoecopic  effect. 

These  gluses  are  of  great  excellence,  and  I  think  excel 
Zeiss's  in  definition ;  they  have  also  this  advantage,  they  are 
perfectly  homogeneous,  and  require  the  ordinary  cedar  oil 
for  either  obliqae  or  central  light,  and  do  not  require  any 
adjustment  of  the  draw  tube  for  thin  covers,  as  is  necessary 
with  Zeias*B  glasses. 

Any  ordinary  stand  made  on  the  Jackson-Lister  model  can 
be  usedj  if  the  body  is  made  to  come  down  in  contact  with 
the  stage,  as  the  objective  only  projects  -^  of  an  inch. 

An  achromatic  condenser  is  also  necessary.  I  have  used 
Powell  and  Lealand's  and  Zeiss's,  but  any  maker's  with  a 
lai^  angle  would  probably  do. 
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On  the  Structurk  of  the  Spkrmatozoon.     By  Hmrufli 
GtitHEs,  M.B. 

Since  my  last  paper  appeared  in  ihti  journal  in  October, 
1879j  I  have  had  litllc  lime  to  make  further  researches  into 
this  subject. 

I  have,  however,  examined  the  sperroatozoa  of  sevenl 
animnls,  such  ae  rnt,  mouse,  axolotl,  pigeon,  in  all  of 
n-hich  1  ha%T  foiiiul  the  loii^  61ameiit  formerly  described: 
also  in  the  pigf>on,  wht^re  it  reaembles  the  Spermntoioon  nf 
an  Amphibian  on  a  AmiiUfr  scale. 

I  have  examined  a  few  Invertebrates,  but  so  far  have  only 
found  the  filament  in  the  snail  and  leech.  In  the  snail 
it  appears  to  be  ohIt  a  little  longer  than  the  tail ;  thii, 
however,  is  enormously  long,  which  nifty  account  for  it. 

In  the  fowl  tht  Spermatoxoa  resemble  thai  of  the  newt  in 
shape,  but  the  filament  is  very  line,  andcouefqucntly  indis- 
tinct. I  have  examined  a  few  fish,  but  the  spermatozoa  were  so 
small  I  could  not  make  out  anythins  satisfactorily.  I  have 
examined  a  number  ufftpectmens  of  the  human  spermatozoa, 
some  taken  from  the  testes  twenty-four  hours  after  death  by 
idcnt,  others  from  twelve  to  twenty-four  hours  after  cot- 
these  came  by  post,  and  I  couhl  delect  no  material 
difference  in  their  structure,  with  the  exception  of  the  vary* 


ilumau  SpcrmnLozoH. 

ing  lengths  of  the  tails  in  different  spccimena.      1   think 
something  may  he  made  of  this,  if  one  could  only  get  sulfi- 
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cient  (IiU  to  go  upon.  In  all  I  found  the  filainent  very  fiao, 
nnd  requiring  greRt  care  in  the  illumination  to  sbow  ic  pro- 
perly, «s  when,  aft«r  a  good  deal  of  trouble  it  was  shown 
woll  with  the  >y  immersion,  I  found  I  could  readily  see  it 
with  the  i',  oil,  and  even  the  ,'i  oil  immersion. 

The  drawing  was  made  from  a  specimen  prepared  in  a 
mixture  of  glycerine  and  absolute  alcohol,  and  drawn  M<ilh 
Messrs.  Powell  and  Lealand's  ^*y  oil  immersion  and  A  eye- 
piece. The  filament  is  very  fine,  nod  is  connected  to  the 
tail  by  a  menibrnue,  which  is  much  wider  than  in  the 
Aniiihibta,  and  bHows  it  lo  move  further  from  the  lail;  it 
ia  also  longer  than  in  the  Amphibia,  and  is  more  folded  in 
consequence.  I  found  in  one  specimen  a  number  uf  heads 
with  no  corresponding  tails,  I  have  not,  however,  been 
able  to  get  at  the  history  of  the  individual  who  supplied  it. 
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65»n#  disputed  points  in  Echinodbrm  Morphouwy.  Hy 
P.  IIkrbkrt  CATtPKNTBR,  M.A.j  AssUtHut  Maei«r  at 
Eton  College. 

Tbb  last  number  of  the  '  Zeitschtifl  fiir  wiwenschafilidi* 
ZooIogie'CKaiiil  xxxiv,Hefc  2)coDlains  two  valuable  papers' 
on  Echiuoderma,  by  my  frieud  Dr.  H.  Ludwig,  of  Bremen. 
Many  new  observations  of  the  highest  inlercvt  are  ben 
rccordeil,  and  it  is  not  too  mucL  to  say  that  their  accuracy 
mny  he  relied  on  with  llie  utmost  confidence.  Hu(,at  the 
same  time,  I  believe  thnt  some  of  the  conclusions  which 
Luiiwif;  has  drawn  from  tiiem  are  essentially  uiiBouiid ;  and 
in  (he  following  pages  I  {iropose  to  state  my  reasons  for  this 
belief. 

In  the  first  place,  however,  I  desire  to  state  that  some  of 
the  observations  recorded  by  Ijuthvig  in  these  papers  have 
convinced  me  that  certain  views  which  I  have  advocated 
in  the  pages  of  this  journal  are  no  longer  tenable.  Four 
years  ago  liiidwig  described  some  tubular  appendages  of  the 
water-vascular  ring  of  tliu  Crinoids  as  opening  below  iaio 
the  body  cavity  into  which  they  depend;  and  he  ihcreforo 
considered  them  together  with  the  water-pores  of  the  disc  as 
collectively  representing  the  madreporic  apparatus  and  sand 
canals  of  the  other  Echinoderms. 

Like  Grceff,  however,  I  did  not  feel  quite  satisfied  respect- 
ing the  alleged  opening  of  these  tubes  into  the  body  cavity, 
as  1  knew  from  my  own  observnttons  of  them  (made  like 
those  of  liudivi^  by  the  section-melhoil)  that  tlie  liability  to 
error  was  considerable.  But  now  that  Ludwig  has  found 
them  to  be  upen  in  the  uncut  Pentafrjuoid  liirva  1  see  no 
reason  to  doubt  that  the  same  is  tho  case  in  iho  adult. 
Consequently,  the  re»emb]aiice*  that  1,  like  Professor 
Huxley,  believed  to  exist  belwien  these  (apparently  ca*cal) 
tubes  and  the  closed  t<ua  ambulacralia  cavioi  the  Ophiurids 
will  not  bear  investigation. 

Gut,  while  abandoning  ibis  position,  I  must  still  confess  to 
a  lingering  doubt  as  to  whether  the  disconnected  water-pore 
and  water-lube  of  thp  Antedon  larva  can  be  regarded  as 
perfectly  homologous  wiih  the  madreporic  system  of  the 
other  Echiiioderms.     I  fully   admit   the   similarity  of  their 

'  "  Ueber  ttcu  |>rii»nri>n  RtdnouiHt   iJor  Griaoideen  iicbiL  vtrgloictiRiul 

anatomiscLcnBciiicrkutigcti  nbcr  die  EcliinCKlcnnirQ  utwrliauirt,"  \>\t.  310 

333,  T«f.  xn  o.  xiii,     "  Nriie  Bcitrejj*  nir  Anatomic  dcr  cSphiurcn,"  pp. 
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iloeical  BUuciure  and  of  their  fuiiL-tions  as  afferent 
am  of  the  water>vasriilnr  ftystcm.  But  tbis  similarity 
not  cotiatiiule  an  liomolog^r.  The  dorsal  pore,  which 
reloped  so  early  in  the  other  Kchinoderin  larvn:  as  the 
iatioo  of  the  mAilrcporic  sj-stenif  is  abspnt  t'rom  the 
tponding  stages  of  the  Antvdon  laivicj'  and  uutil  the 
Bpmeni  of  the  primary  water-pore  and  wnier-tube  of 
>riiio)ds  are  more  fully  knoivn,  I  do  not  think  th&t  we 
without  quahficalioii  accept  Ludwig's  view  regarding 
homology  »ith  the  mndreporic  system  of  other  Kchino- 
I.  The  following  remnrks,  however,  are  based  upoa 
i8uill|>Ciou  of  the  truth  of  that  view, 
Iwig  regards  the  external  openinff  (water-pore)  of  the 
tuoric  canal  (wnter-tube)  an  a  fixed  point.  Whether  it 
tinal  or  whether  it  be  abactiual  does  not  matter.  In 
Tvse  of  some  Crinoids  and  in  the  ndtili  Ophiurids  it 
on  one  of  the  interradial  actinal  plates  (ornls)  around 
lOUth.  In  the  adult  Urchins  and  (Starfishes,  liowever, 
ms  on  one  of  the  interradial  abai;lin<il  [ilalea  around 
Tins  (genitals).  This  is  far  from  bcint;  the  case  in 
I  form»  of  either  cla«8.  Neverilielees,  Ludwig  thinks 
tlationsof  the  parts  iu  the  adult  sulficiently  fixed  to 
e  ItitQ  to  assert  the  undoubted  homology  of  the  orals  of 
ids  and  Uphiurids  with  the  genitals  of  L'rcltins  and 
shi-s.  He  aUem]it6  lo  airt-n^then  this  remarkable 
on  by  other  considerations  to  which  1  shall  i>re»enlly 
t;  and  he  points  out  how  diiiuietrically  oppubed  it  is 
I  view  now  generally  held  that  tlie  liiisah  of  Crinoida 
lent  the  genitals  of  TJrchina  nnd  Siarfishei).-  lie  seetnf, 
rsr,Dot  to  attach  much  value  to  the  evidence  on  which 

■fe  often  wond«red  wbether  the  "  pMudoproct  "  or  Wtt.  Thomson, 
mUM  at  the  hinder  end  of  Ibe  verj  joung  ^j«/<-(/<m  larva:,  can  bo 
d  a>  representhi^  sn  UDdevcloi>cd  dorsAl  pore.  Its  iiotition  at  the 
the  IreiUTL-iK  t].iilruU-8xi»  is  the  saone  as  that  of  llie  dorsal  pora 
r  EcfaiDMlerni  larvff,  though  1  am  bound  to  admit  Utnt  it  is  not  dorsal. 
in  lo  the  citrcme  dQnf;aLioii  of  tbe  Gastnda  olon^  that  axis  it  ii 
r  Irom  the  water- vuonlar  ring  and  not  close  to  it  m  in  ulLcr  Unvt. 
ig^t  account  for  it*  voDt  of  further  devulDpmcnt.  On  iho  other  haud, 
imanr  watcr-iiorc  of  the  AiU«d<M  \&xvk  Icndt  into  the  oral  coelon) 
led  from  the  wft  pcriloueal  veilcl«  of  the  embryo.  It  is  not  liVel;, 
rt,  BTcr  to  huvc;  been  a  simple  donal  (lOrc,  or  il  would  hare  o|>eiied 
IS  abtnral  colom  dcvcloiied  uu  the  donal  kidi:  of  the  larra  from  Iho 
critoneal  votick,  «up|>oMti^  of  cour&e  llial  it  were  not  directly  cud- 
witli  tbe  waler-Tucular  nug  hy  a  waiur-labe,  aa  in  other  EcUiao- 

•  "The  Oial  and  Apical  Sjitcms  of  Erllinod{■^m^,"  itiia  Jouraal, 
ST..  foU.  xviii  and  xis  ;  atm  ulio  lUo  rcocuiUj  publiahtid  text-booka 
11^  Zittcl,  ud  other  authors. 
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this  view  is  li&sed,  or  lie  would  scarcely  have  written  u 
follows  Cp.  317) : 

"  Dtt  guizt  Bcwcia  filr  dicK  Aufuniig  Uegt  dwin,  dut,  vena  nm  foa 
dcin  ililtelpuukt  der  dors&Ien  ObrriUtdie  dea  Tlucraa  aiugrbt,  bd 
Crinoidcen  die  fiukliit.  bcl  Jen  Echinotdcn  die  Oenitilta  dio  entaa  *^ 
eiud,  vdciic  ilets  uiid  imnicT  i&  der  Ricbtna;  der  iBlcmidicii  ing 
>iiiil.  Iricend  vcldie  uunnlLcibareu  BcxlcIiuhotd  ta  den  tnoeren  Orgiaeo  dee 
Tliicrkurpcn  «nd  bei  dicscr  ledigUcli  suf  die  ttomlkbe  AuordnvaenraiM 
jcorr  Plattcn  gegrdudetcQ  llomolOigutruag  nidit  in  Betruht  gewgOB 
wordon." 

The  view  attacketl  by  Ludwig  rests^  however,  on  a  much 
firmei;  found&tion  than  the  mere  aiialomicAl  fact  which  he 
calls  tlie  "  gnnze  Beweis  "  of  its  truth.  The  evidence  of 
Kchinoderm  embryology  is  alt  in  iUf  favour;  but  Ludwig 
docfl  not  make  the  slightest  mention  of  thia  evidence,  mudi 
leas  attempt  to  controvert  it. 

It  is  ns  follows: — The  interradial  nbactinal  platfrs  (basals) 
of  Crinoids  are  developed  n-itb  precisely  the  same  relation  to 
tbe  vuRO-pcriLoneal  apparatus  of  the  larva  as  are  the  inter- 
radial abactinal  plates  (genitals)  of  Urchins  and  Starfishef. 
In  both  cases  these  plates  first  appear  in  the  form  of  a  spiral 
around  the  right  jMiritoneal  vesicle  (.-^gaasizj  Gotto]  ;  bul 
tbe  orsls  of  the  Crinoids,  which  Lndwig  considers  homo- 
logous with  the  genitals  of  Urchins  and  Starfishes,  are 
developed  spirally  round  the  left  peritoiicHi  vesicle  (Gotte). 
Are  not  these  peritoneal  vesicles  as  "important  inner  organs" 
as  any  in  the  M-hole  morphology  of  tbe  Ecbinodermsf 
Tbcy  develop  before  the  water -vascular  apparatus,  on  the 
connection  of  which  with  certain  plates  of  the  ndult, 
Ludwig  lays  such  stress. 

He  admits  that  tbe  oral  or  actinnl  side  is  homologous  in 
1)11  Echinuderms  as  being  chiefly  developed  from  tbe  left 
side  of  the  larvs;  and  yet  he  considers  plates  developed  on 
the  left  or  actinat  side  of  one  Pluteus  larva  (Ophiurids)  ts 
undoubtedly  homologous  with  those  developed  on  the  right 
or  ahacliual  side  of  another  (Echinids),  and  leaves  liie 
abactinal  plntes  of  tbe  Ophiurtds  (genitals)  out  of  consi- 
deration altogether. 

It  seems  to  me  lliat  be  assumes  too  much  in  regarding 
the  water-pore  of  the  adult  as  a  fixed  point.  If  be  could 
show  that  one  of  the  genitals  of  an  Urchin  or  Starfish  larvn 
were  primitively  perforated  by  the  water-pore  as  is  one  of 
the  orals  of  u  Inrvitl  Crinoid,  then  his  position  would  be 
strong  indeed,  liui  this  is  very  far  from  W-'vi-^  tby  case. 
He  iidmits  liiiuself  that  in  young  Stfirfishcs  (Loven)  there  is 
no  connection  betwecu  tbe  waler-tnbe  and  any  genital  plate. 
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The  observations  of  Metschnikolf  and  Agassis  are  quite  in 
accordaoce  with  this  fact.  The  former  fijjures  the  aiMJx  of 
&  youug  (StaiQsh  in  which  the  niadrepuric  plate  is  already 
formed,  but  is  situated  at  the  edf;e  of  the  disc  quite  outride 
the  circle  of  genital  plates ;  while  Agassiz  Tcpre&euts  a 
youDg  Starfish  which  "  shon-s  the  position  of  the  madre- 
poric  body  immediately  on  the  edge  of  the  ilisc  of  the  lower 
{i.0.  actiual)  side/'  Somewhat  the  name  is  the  case  in  ihc 
adult  Ophiurids.  Although  developed  on  the  dorsal  surface 
of  the  larra  the  water-pore  is  usually  on  the  actinal  surface 
of  the  adult ;  while  lu  Trichatter  it  is  neither  abactinal  nor 
aclinal,  but  intermediate  in  position,  somewhat  ns  in  the 
earlier  stages  of  the  young  Starfish. 

In  the  same  way  the  anus  of  tlieStarfleh  ie  at  first  "  ujion 
the  actinal  side  near  the  edge  of  the  disc."  Hut  as  growth 
proceeds  it  moves  tot*  ards  the  abactinal  surface  together  with 
tlio  water-pore.  In  the  Crinoids,  however,  the  position  of 
the  future  anus  is  gradually  shifted  in  the  reverse  direction, 
i.e.  towards  the  actinal  surface  ;  while  the  water-pore  must  be 
developed  late,  unless  we  arc  to  suppose  that  tt  escaped  Ihe 
notice  of  both  Giiite  and  of  Wyvillu  Thomeon  in  the  earliest 
larval  stages.  But  whereas  in  the  other  Kchinoderms  it  is 
developed  Tcry  early,  before  the  appearance  of  the  actinal 
or  abactinal  plates,  the  rudiments  both  of  these  and  of  the 
chief  organs  of  the  Crinoid  appear  bi.'fore  it,  aud  then  it  ia 
only  found  perforating  the  "  seitlicheii  Kandtheil  **  of  utt 
oral  plate. 

As  far  as  the  Crinoids  are  concerned,  this  is  the  chief 
evidence  iu  favour  of  Ludwiif's  views,  but  it  is  not  complete 
cTcn  for  this  group.  For  wnile  Ithixcrinus  has  five  water- 
pores  like  some  cxocyclic  Urchins,  their  openings  are  not  in 
the  peraistent  oral  plates'  as  they  should  be  on  Ludwig'a 
theory,  which  compares  these  orals  to  the  genitals  of  the 
Urchins,  because  one  of  them  in  the  larval  Anttdon  is  per- 
forated by  the  water-pore.  Further,  the  orals  of  the  Crinoids 
have  precisely  the  same  relation  to  the  water- vascular  ring 
and  to  its  tentacular  apparatus  surrounding  the  mouth  as 
the  6ve  plates  figured  by  Kowalevsky  in  the  Psolinus  larva. 
Ludwig  will  hardly  deny  that  these  last  are  orals,  but  not 
one  of  them  is  perforated  by  the  water-pore.  On  the  con- 
trary, it  is  separated  from  them  by  the  whole  length  of  the 

■  If  tbo  orals  nf  :ffit;«ri'iiu  arc  pcrfontttd  by  tlie  VAter-pore«,  surely 
Luilwi;  would  have  said  v> ;  aud  I  Kstlicr  from  bit  liguro  of  the  Wftter-jiore 
in  tUs  ceauB  tlist  Ibis  is  not  tbe  eat  ('  ZeittdiT.  f.  viis.  Zoo].,'  xxlx,  Taf. 
T,  fig.  8). 
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wttter-tuhc,  which  extend* backwards  from  the  watrr-TEscuUr 
ring  and  not  fonvardi  as  it  should  on  Ludwig's  theory. 

Again,  whiil  is  the  poBition  uf  llie  fivi-  wiiitr-porea  of  3W- 
chaster  eltfgatu  f  Not  cIo6e  round  the  numltt  in  the  poeition 
of  the  absent  rooutb-shiehls,  but  between  the  two  genital 
clefts  of  each  inierradlus.  The  interradial  plates  somctimea 
developed  here  in  other  Ophiurids  have  hepii  hitherto  re- 
garded ati  rt'presentiug  the  geuitals  of  Star&iihes  and  Ut- 
china  \  and  \\w  presence  of  the  wnter-porcs  in  the  Eame  posi- 
tion in  Trichaitcr  elegans  goes  a  long  way  towards  strength- 
euiii<;  that  vii-w,  while  at  the  »iiuie  lime  it  dirotiushes  the 
probative  value  which  Ludwig  assigns  lo  the  perforation  of 
the  mouth-shields  by  rhe  water-pores  in  other  Ophiurids. 

Besides  the  perforation  of  one  of  the  orals  of  the  larTal 
Crinuid  by  the  water-pore,  the  only  other  arguments  adduced 
by  Lud«ng  as  showing  the  homology  of  these  orals  (rt'w 
the  basals,  discarded)  with  the  genitals  of  Urchins  are  the 
following: — (1)  The  anus  is  adoral  from  the  biisaU  of  a 
Critioiil,  but  ahornl  from  the  genitals  of  a  regular  Urchin; 
thouj^h  it  is  aboral  from  the  orals  of  a  Crinoid.  I  would 
urge  two  considoratiuiis  in  reply.  There  are  Crinoids  in 
which  the  mouth  is  at  the  margin  of  the  disc,  eloac  down 
Ic  the  abactinal  ^kelelun,  while  the  mius  is  central ;  and  I 
[lo  nul  ecc  why  these  imil  \.\\e  irregular  UrohinK  should  be  left 
out  of  consideration,  cspeciiilly  when  we  remember  that  the 
mouth  of  the  Pentacriiioid  larva  is  exceiitric,  as  Ludwig 
himself  haa  told  us,  and  that  the  exocyclic  Crinoids  present 
other  embryonic  features. 

In  the  young  I^inrEsh  the  anus  is  primitively  adoral  from 
the  geuilal  plates,  and  only  sccondutily  assumes  the  intra* 
genital  position  on  which  Ludwig  bases  his  argument. 
Here,  ns  in  other  cases,  Ludwig's  homologies  seem  to  me  10 
rest  too  niucii  on  the  variable  secondary  relations  of  organs 
M  existing  in  the  adult,  and  loo  Utile  on  the  constant  and 
phmarv  relations  of  their  rudiments  in  the  larva. 

(ii)  Ludwig  lays  great  ilress  un  the  homology  of  the  oral 
fiiiic  in  all  ICchirioderms,  as  shown  in  the  following  interest- 
ing facts.  When  viewed  from  the  oral  side  the  gut  always 
winds  from  inoulh  to  anus  in  the  direction  taken  by  the 
bands  of  a  watch,  and  the  water-pore  both  of  the  Urchin  and 
of  the  enibrjo  Crinoid  is  in  the  same  interradius  as  the  fore- 
gut.  He  gives  an  excellent  figure  (Tab.  XIII,  fijj.  7)  of 
the  coiirEe  of  the  gut  in  nn  Urchin  as  seen  from  the  ventral 
side,  and  tbeiefore  (of  course)  represents  the  niadteporile 
as  seen  from  witliin  in  the  v.vi.  corner  of  the  figure.  He 
gives  a  similar  figure  of  the  course  of  the  gut  in  Anltdon 
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hul  without  representing  the  "  buinulogous  "  oml 
\h  ita  water-poTc.  Had  h(>  dune  m  Im  woultl  have 
ligcd  to  explain  that  while  in  the  Urchin  figure  the 
nV  was  represented  as  seen  through  the  gut.  in  the 
figure  the  reverse  would  be  tlie  case,  viz.  the  gut 
Dugh  the  perfornted  oral  plate.  But  ncverthelesa 
r  18  hoiuoli^gou^  vriih  the  genitals  of  an  Urchiu ! 
,  the  positions  of  the  primary  actinnl  and  abacttnal 
ilh  respect  to  the  oral  centre,  is  not  the  same  in 
tins  and  Criooidf  if  the  latter  be  "orieiitirt" 
;  to  Ludwig's  theory.  In  an  Urchin  the  proximal 
the  oral  contrc  are  the  oculars  (radial),  and  the 
iea  the  genital*  rinterradial). 

rinoid  or  Ophiurid  the  iuterradial  orals  are  proximal 
radisU  distal ;  but,  nevertheless,  the  homology  of 
i  and  genitals  is  undoubted,  while  the  interradial 
the  Crinoids,  which  are  beyoud  the  radials  just  as 
als  of  an  Urchin  are  beyond  the  ocular«j  are  not 
«(1  in  an  Urchin  !  Further,  Ludwig  takes  no  account 
e  interradial  plates  which  surround  the  mouth  of 
vnoj  and  have  the  same  iclatiou  to  the  wnter-vasciitar 
,  as  the  orals  of  Mhisocrintts,  a  relation  which,  it  is 
eedless  to  »ay,  is  not  characteristic  of  the  genitals  of 
n. 

tiother  of  Ludwig's  arguments  ij<  founded  upon  the 
relation  of  the  aboral  blood-vascular  ring  of  the 
Ib  to  the  mouth  shields.     Because  it  dips  down   in 
interradial  spaces,  and   partially  rests  upon  these 
.udwig  considers  them  homologous  with  the  genitals 
rchius  and  StarfieheK.     But  the  rest  of  this  blood- 
ring  remains   in   the  abacttnal   position   that   the 
it  occupies  in  the  Urchins  and  Starfishes,  and  it  is 
)  abactinal  position  that  the  principal  vessels  arc 
r  to    the    genital  glands.      According  to    Ludwig 
"  Dieses  Genitalgefas^  entspricht  sowolil  in  seinem 
ge   als    aach   in    der    Richtung  seines    Verlaufes 
seiner  Beziehuug  zu  den  Geschlechisorgancn  den 
fifiM  der  Asierien.'*    On  Tiiidwig's  theory,  however, 
lid   expect  the   genital  vessels    to  be  given  off  from 
rta  of  the  blood -vascular  ring  which  He  nearest  the 
lUrface,  since  it  is  in  the  plates  of  that  ventral  surface 
recognises  the  homologues  of  the  genital  plates  of 
tfishes.     One  would  nUo  expect  that  these  ventral 
'onld  be  occasionally  perforated  by  the  openings  of 
Ital  glands,      But  is  this  ever  the  cose  !     J^udwig 
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BiLmitB  that  it  is  not ;  suO  the  m«rc  fact  that  in  some  TTTchiiu 
and  Startishee  the  Keiiital  (luct«  do  not  opea  ou  the  geaital 
p1ate«  does  not  seem  to  rue  a  Bufficicnl  argument  to  mMt 
this  difficulty,  though,  according  to  him,  •'  Indouea  atort 
das  die  Honiologii.',  die  nach  Obigera  zv/eiMlot xwitehtn  Sm 
Mtuulschildern  der  Ophiuren  unti  den  GentialplatUn  dfT 
£chimjuleen  und  Asterien  be»Uht  durcfiaua  nicht"  (III) 
Ludwig  nowhere  says  a  word  about  the  ^euil&l  pUte* 
the  Ophiurids,  and  yet  these  are  developrd  iriterradially  Ott^ 
the  abactioal  surface  of  the  larva  precisely  like  the  gsnital 
plates  of  the  Starfishes.  The  following  passuge  frow 
Agassiz  (*  North  Americiiu  StHrfialies/  p.  93)  is  intcrc*(lU^ 
as  regards  this  question  : 

"  la  Opbiunuis  thu  ^ita!  plates  are  fortned  Tioin  tha  aofftoa  of  tbo  Bn 
{nterradiu  plates  i  similar  plates  oan  stiU  be  trtoed  in  Ibe  jounff  StarHaliH^ 
while  ia  the  fuU-grown  Swrflsbes  their  pfeseooe  is  ahown  by  llie  iate  ' 
cliial  partitiuD,  on  kkU  »idc  of  wfaioh  tos  ovariss  divclmnis.  Tbwt 
esI^l»  a  cnmnlctc  hQmulo|^  betvoeo  th«  ccnital  pUtcs  oi  Ophiuram  i 
tlitr  iiil<!Tlir»cliinI  iiartilioim  of  Starn»liFi,  a  lioiuolo^y  fiitlj'  airnol  out  is  ib 
(Ittaila  when  we  Dsauiue  the  relations  held  by  the  f^nila)  pUtes  to  tbt 
orarivs  in  Uphiursns  sntl  by  the  iutetbrscbial  pattltioiis  lo  tin  ovirili 
openings  iu  Starfibhei." 

Of  course  there  are  aberrant  forais  with  more  or  lew 
exceptional  peculiaritica  among  the  members  of  each  class, 
but  the  general  relatione  of  both  clnsses  arc  such  as  entirely 
to  support  the  statements  quoted  above,  while  the  peculisf 
features  of  the  excepllons  {Astermu  gibbosa,  TYie/uutir 
eUijans,  &c.,  as  ehown  by  Ludwig's  owq  observations)  Beem 
to  me  to  be  of  Buch  a  nature  that  they  support  Agawii^ 
view  rather  than  Ludwig'a  very  revolutionary  one, 

The  relations  of  the  primary  actinal  and  abactinal  plates 
to  the  blood- vascular  system  may  be  locked  at  from  another 
point  of  viexv  than  the  one  used  by  Ludwig.  A  |iciwti 
standing  in  the  cenlral  plexus  (heart)  of  a  young  Siarfisb, 
with  hie  feet  in  the  onil  hlood-vasrulnrring,  wotilti  have  the 
genital  plates  abnvr  his  head.  But  if  he  were  similarly 
placed  in  a  Crinoid  (with  the  vetitral  side  downwards)  he 
would  have  the  hftsala  over  his  head,  and  not  the  orals, 
although  these  last  are  (he  bonioIo;;iie8  of  the  genitale  of  th« 
Starfish  according  to  Ludwig's  theory. 

Lud>\ig  does  not  allenipt  to  follow  out  lo  any  great  extent 
the  logi^-al  results  of  his  theory  with  re»pt'rl  lo  the  relation* 
of  the  various  regions  of  the  body  among  ilio  different  tlchi- 
noderms,  But  he  points  out  (p.  ^19)  that  they  involve  our 
helievihg    in    a    great    difference    between    Urchins    and 
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Criaoidi,  out,  nunctf ,  wfaiefa  hu  not  beeu  thought  to  rxitt 

lince   the  Tesearches    of  Agusiz   and   "ijovSn.     While   the 

Crinoid  calyx  increases  hj  the  additions  of  platet  on  the 

•ioral  side  of  the  oral  plates  that  of  an  Urchin  grows  very 

Aflenntlj : 

"  Bier  cailitTacn  Hich  die  OtilplAltut  der  Criaoideta  hoookMB  Gtaital* 
pltttflD  isuner  veitcr  too  dea  Koadl,  iaden  die  BfldsM  dcs  FemoiBS  dpi 
ewachaeneii  Tliicies,  ^naaer  fie  Bfldaar  der  lafaMbMheraWrifcr,  aa  der 

idorska  ««tc  der  Geoit*lE>Utlen  erfolgt. 

This  must  not  be  andcrstood  to  mean  (as  it  weTI  mi({ht 
do)  that  the  gcuilal  plates  have  the  same  primittve  it:Iatiun 
tu  the  mouth  of  an  Urchiu  as  the  orala  have  to  the  mouth  of 
a  Crinoid  and  only  subsequently  b«coaie  aeparated  from  it, 
foe  this  is  fai  from  being  the  case. 

The  old  view  that  the  genitals  of  an  Urchin  represent  the 
Crinoid  basals  involves  none  of  (he  difficulties  inseparable 
fKim  Ludwig't  new  one.     In  both  Crinoids  and  Urchins' 

w  plates  are  added  on  ilie  adoral  side  of  the  interradial 
abactinal  plates^  Tiz.  the  genitals  of  the  latter  and  the  basals 
of  the  former,  which  Ludwig,  however,  considers  to  be  unre- 
presented in  the  Urchins. 

The  only  other  out  of  the  "  Reihe  wichtiger  Folgerungen 
far  die  vergleicheud'auatomisclie  Aufiassung  der  Skeletre- 
gionender  verschiedeuL-n  Echinodertngruppen"  that  Ludwig 
deduces   from  the  homologies  which  he  asserts  is  the  follow- 

ig*  ; — "  Dass  daa  perianale  Feld  dei  Echintden  dem  gesamm* 
ten  Perisom  der  Uphiurensheibe  tnit  Ausnahme  der  Armc 
und  der  Mundschilder  homolog  ist." 

There  aecms  to  me  to  be  somethiug  wruug  here.  Perhaps 
it  is  only  that  Ludwig  and  I  understand  the  expresaion 
*'  perianale  Feld"  in  different  ways.  1  take  it  to  mean  the 
ring  of  genital  and  ocular  pUtes,  and,  as  Ludwig  considers 
the  former  to  be  homologous  with  the  niouth-nhields  of  the 
Opbiurids,  I  am  somewhat  puzzled  as  to  the  meaning  of  the 
above  passage. 

The  above  are  many  inconsistencies  which  bocome  appa- 
lent  upon  a  critical  examination  of  this  new  theory  of 
Ecbinoderm  morphology.  It  is  difficult  to  understand  how 
Ludwig  can  insist  on  the  homology  of  the  oral  surfaces 
of  Urchins,  Starfishes,  and  Ophiurids,  and  yet  insist  even 
more  strongly  that  plates  around  the  mouth  of  the  latter 
arc  homologous  with  plates  around  the  anus  on  thu  aboral 


*  Ibis  Jountsl,  New  Series,  rot.  xix,  i^.  'i^—36. 

*  *  Zoologischer  Aaxeiger.'  1879.  ii.  p.  543. 
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surface  of  the  two  former  groiip«.  His  theory  reminds 
of  Kowalevaky's  celebrated  aitempt  to  proTC  that  the  b 
of  H  worm  represents  the  hinder  und  of  the  Vertebrate  sp 
cord;  anil  one  c-annoL  help  feeling  that,  despite  iho 
doubted  value  of  his  observations,  some  (though  by 
means  allj  of  the  conclusiona  which  he  has  biised  upon  tl 
will  not  bear  a  close  investigation  when  compared  i 
the  primary  facts  of  Echinoderm  structure. 
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TUOsitoiy  of  tht  Red  Bu)oi>-Coefusclbs.     By  PnAaMr 
PoccKiT,  of  the  Jaidin  lies  PlanWs,  P*rii.* 

HAVE  paid  a  ywxl  deal  of  attention  lately  (since  Xorember, 
1877)  to  thp  siuily  of  the  formed  elements  of  the  blood  *iid 
their  origin.  The  fnct  was,  as  often  happens,  that  several 
histologi&t«  were  pursuiog,  both  in  France  and  elsewhere,  the 
same  investigation. 

I  propoee  to  gire  a  summary  of  what  seems  to  me  to  be 
the  actual  state  of  our  knowledge  on  a  subject  of  such 
importance  buth  to  physiology  and  to  medicine. 

A  sufficiently  larjje  part  in  these  studies,  which  hare  been 
followed  out  with  vigour  in  various  quarters,  has  been  given 
tn  the  history  of  that  singular  phenomenon  the  coagu- 
lation of  the  blood.  I  shall  put  this  subject  entirely  on  one 
«de»  only  wishing  to  occupy  myself  here  with  the  formed 
elements  of  the  blood  in  the  living  state,  with  their  origin 
and  the  phases  of  their  existence,  in  so  far  as  they  are  con- 
stituent elements  of  the  organism.  Coagulation  is  a  poat- 
mortem  nfaenomenon. 

I  shall  spenk  in  the  first  person,  giving  credit  where 
credit  is  due  to  olhern  as  well  as  to  myself. 

It  is  not  a  little  peculiar  that  the  formed  elements  of  the 
blood,  which  have  been  so  long  known,  should  be  so  tittle 
known. 

Even  to-day  we  caunot  say  that  we  know  with  absolute 
certainty  how  they  originate  (at  least  in  the  adult),  how  long 
they  live,  and  what  may  be  their  fate,  for  it  is  certain  that 
their  existence  is  relatively  short. 

Every  day  one  ^ccs  in  the  hospitals  paiii>nta  losing  large 
quantities  of  blood,  nnd  it  seems  as  though  no  one  had  asked,  or 
at  least  bad  seriously  considered  and  sought  to  discover,  how 
3C  is  that,  at  the  end  of  a  few  weeks,  the  blood  lost  is  entirely 
replaced. 

G.  E.  Bindfleisch,  in  calculating  the  replacement  of  blood 
in  women  during  the  intermenstrual  period,  estimated  that 
half  a  centigramme  must  be  produced  in  a  minute,  which 
uitans  that  about  170  millions  of  hicmatids  are  produced  in 
the  body  every  minute.' 

How  does  this  enormous  proliferation  come  about?  It  is 
not  a  little  hard  to  be  obliged  to  confess  that  we  are  reduced 

*  Iraaskted  from  the  *  R«rue  SrientiGquc' 

»  Tl>c  itm  '  bKmstid '  h  a  rendering  of  Ibc  FrcDcli  term  *  bfcmstie,'  whit 
U.  Foucbet  tues  to  denote  red  corpuscle. 
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to  hypotheses.     It  is  upon  this  obscure  problem  that  I  wish 
to  throw  some  light. 

One  nt?cd  only  look  back  over  th«  Ust  twu  years  of  the 
morpliological  study  of  the  blood^  to  tee  bow  miuiy  organ* 
have  bccQ  put  forward,  one  Bfter  another,  as  the  birlhplacea 
of  the  corpuscIcB,  hoi>i  white  and  reel. 

Theories  and  hypotheses  have  not  been  wanting ;  th* 
lymphatic  glfttitU,  tne  splceji,  the  marrow  of  ilic  bones,  atid 
other  organs,  have  been  looked  upon  as  the  scat  oToriglB 
of  the  formed  elements  of  the  blood,  and  even  called,  on  tOBl 
accouut^  **  bsm&lopotettc  otgai)e.**  It  must  be  allowed  thai 
tlic  question  of  hirmatogcnesis  Is  fitr  from  being  a  simple 
one,  and  that  among  various  animals  it  prese&ts  itself  nndcr 
very  different  aspects. 

We  may  recognise,  in  the  first  place,  two  great  classes  : 

Firstly. — Oviparous  animals,  either  warm-  or  coW- 
blooded,  in  which  the  hsemattds  possess  a  nucleus. 

Secondly. — Mammals,  in  which  the  hfEniatidfi,  althougll 
at  first  iilcc  thoiic  of  oviparous  animals,  &rt}  replaced  at  a 
very  early  stage  by  corpuscles,  absolutely  devoid  of  a 
nucleus. 

If  one  considers  all  animals  with  regard  to  their  hwita* 
topoietic  organs,  i  I  is  evident  that  many  animals  have  aeitber 
niarrow  nor  lymphatic  glands,  e.g.  fishes. 

In  the  same  way  there  are  some  in  which  the  fip1«ien  i» 
quite  rudimentary  (Syngiiathus),  or  eveu  entirely  ivantihg 
(Laniproys). 

Among  mammaU,  even  the  Rodents,  in  which  the  vftsctilu 
area  persifit*  and  forms  blood- corpuscle*  at  a  very  late  pertbd : 
find,  on  the  other  baud,  ihu  Marsupials,  in  which  the  umbilical 
vesicle  has  disappeared,  even  before  any  part  of  the  primor- 
dial skeleton  has  become  vascular,  offer  various  points  which 
call  for  special  attention. 

In  order  to  solve  the  problem  of  Kspmatogcnesis,  we  want 
to  obtain  a  targe  number  of  data  which  would  bo  useful 
to  us. 

By  what  certain  characteristics  can  we  recognise  those 
elements  wliich  are  newly  formed  from  those  which  arc 
ftbout  to  degcnciate?  Ilow  lung  do  ihcylive?  For  it  Es 
impossible  to  admit  the  long  life  of  elements^  the  regeneration 
of  which  is  so  easy  after  lesions,  Hud  even  in  the  normal  stat< 
of  things  in  woman  between  puberty  and  the  critical  age. 

The  more  or  less  satisfactory  answers  to  all  these  ques- 
tions, wliich  have  beeu  made  by  recent  research,  1  wish  to 

* -OttetteUWiMlc'Mo*.  lOtb,  1&77!  Jtn.  19th,  t^eb.  ffnd,  ftlurli 
10th,  April  S7Ui,  1878  i  and  '  Journal  dc  I' Anatomic,*  Jaa.,  1«7»- 
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cent  here  in  an  order  which,  if  not  the  roost  logical^ 
grohablr  the  best  for  a  rapid  r/sunt/. 
'i  ii  curious  that  most  of  thoM  who  hare  worked  at 
batogenesis  have  been  led  to  reeogntse  from  the  first  the 
Ecvracy  and  incorapletenesB  of  the  descriptions  which 
B  been  (pven.  up  to  the  preseut,  of  the  formed  eteowntt 
be  blood.  One  would  have  thought  that  objects  ao  eadljr 
knined  would  hare  be«n  well  known.  Nothing  cif  the 
I.  Certoio  elements,  of  perhaps  i-apital  importance,  have 
b  completelv  neglected,  others  badly  described,  while  as 
be  origin  or  all,  one  15  rodnced  to  the  vaguest  hypotheses, 
b  short,  our  first  want  eeema  to  be  to  complete  here,  as 

I  for  the  oriparous  rertcbrates  as  for  the  tnaromals,  euch 
Options  as  arc  found  in  the  recognised  text-books,  and 
i  in  a  whole  host  of  special  memoirs  on  the  fubject, 
eh  have  bc^n  recently  published. 

Vood  of  OripnrouM  AnimaU. — Among  all  oviparous 
pals — those  which  arc  warm-blooded — birds,  as  well  as 
Ip  which  are  cold-blooded — reptiles,  amphibiant,  and 
Im — the  method  of  formation  in  the  aduU  seems  to  be 
same.  Among  embryos  it  evidently  difien  according 
the  cmbrro  has  or  has  not  an  umbilical  vt^icle. 
ihe  adolt  the  question  of  the  formation  of  the  elements  of 
blood  seemed  actually  settled.  The  size  of  the  elements 
Lmphibia  naturally  induces  hiBtologisti  to  study  the»e 
L  i  took  the  newt  as  the  basis  of  my  invealigations. 
"here  are  in  the  blood  of  the  newt  certain  elements  not 
Itiscles,  which  have  hitherto  nil  been  included  under  the 
Bral  term  leucocytes.  These  I  have  called,  for  the  sake 
learness,  "uuclei  of  orijnn  ;"  howcrer,  fay  no  means  in- 
bg  apon  this  term.  These  ''nuclei  of  origin"  are 
Wlcal,  and  about  -^1%-  mm.  to  t-VStj  ™">-  diameter. 
y  arc  enveloped  by  a  very  thin  layer  of  protoplasm,  of 

II  thickness  all  rouud  the  nucleus.  I  will  return  pre- 
ty  to  the  origin  of  these  elements  :  it  is  iheir  further 
Bopment  which  concerns  me  at  present.  This  develop- 
it  may  take  place  in  two  different  methods : 

I  The  "  nucleus  of  origin"  enlarges  and  segments,  and 
protoplasm  becomes  proportionally  increased  in  bulk ; 
fiort,  the  nucleus  becomes  a  leucocyte  with  numerous 
lei.  After  this  stage,  when  it  may  be  called  adult,  it 
I  nereesarily  disappear;  the  protoplasm  disintegrates 
be  serum,  setting  free  the  nuclei,  >vhicb  arc  nothing  else 
i  nuclei  of  origin  about  to  recommence  a  new  cycle. 
I  appears  to  be  Ihe  normal  state  of  things. 
The  nucleus  of  origin  may  be  destined  to  becumo  a 
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hteniRtid,  to  -this  end  undergoing  a    >ort    of   abortion  ov 

degeneration. 

The  protoplasm  now  cninmeiices  to  form  hirmoglobin ;  the 
presence  of  the  latter  seems  to  bo  $hown  from  tlic  first  b^ 
the  fihape  which  the  prutoplnHni  assumes,  M'hicb  is  alruady  ■ 
geomeirical  one. 

The  nncleu*  does  not  moltiply ;  the  element  which  h«i 
thus  undergone  hsemoglobic  degeneration  has  reached  by  the 
process  its  ultimate  form,  and  is  destined  to  disappear  moic 
or  less  slowly.  The  nucleus,  as  it  takes  on  an  oval  shape, 
in  accordance  with  the  elongated  shape  of  the  protoplasa, 
seems  to  lose  that  power  of  dividing  and  multiplying  which 
it  ori]?inally  poB^essed.  Tfie  protoplasm  increases  and  com- 
mences to  take  on  a  yellow  colour,  visible  with  a  mictoscope, 
on  account  of  a  continued  accumulation  of  hiemoglobin. 

Soon  it  has  entirely  lost  its  essential  \-itnl  properties, 
sensation,  and  ])ower  of  movement.  It  becomes,  with  ils 
nucleufi,  a  pcissive  body  like  the  cells  of  the  horny  layer  of 
the  epidermis,  ret-iiiiing  its  chemical  affinities,  but  devoting 
itself  entirely  to  this  chemical  function  of  hsemoglobic  de- 
generation. llKmogtobin  continues  to  accumulate  in  the 
protoplasm,  which  thus  becomes  more  and  more  dense  and 
coloured. 

The  nucleus  loses  its  chemical  characters  aod  the  proto* 
plasm  soon  constitutes  a  homogeneous  mass,  which  is  finally 
dissolved  in  the  blood  plnsma ;  it  may  be  while  still  in  the 
circulation;  it  iiLay  be,  on  the  other  hand,  after  having  been 
stopped  on  account  of  its  diminished  elasticity  in  the  pareo- 
chyiiiatous  tissue  of  the  spleen. 

I  believe  I  was  the  first  to  completely  describe  the  suc- 
cessive stages  of  this  development,  as  well  aa  a  certain 
TitimbcT  of  point?  of  less  importance  which  go  along  with  it, 
but  u»  which  it  is  useless  to  dwell  in  this  rapid  resumi', 

M.  Hayem  has  called  the  voutig  corpuscles,  the  bodies  of 
which  are  already  flattened,  oval,  and  still  .ippear  colourless, 
it  may  be,  on  account  of  the  extent  to  which  they  are 
magnified,  hematoblasls. 

It  aeema  certain  that  these  young  corpuscles  are  ftt  least 
capable  of  changing  their  shape  in  the  blood  in  a  state  of 
rest,  as  do  the  nuclei  of  origin  and  the  adult  leucocytes. 

M.  Hayem  admits  the  tranaformation  of  his  hTcmatoblascs 
into  corpuscles. 

But  M.  Vulpian  ('Comples  Rendiin,*  4th  June,  1877) 
certainly  hns  the  credit  nf  having  demonstrated  thisdnvelop- 
niciit ;  he  lia»  shown  by  careful  experiments  thai  lu  the  blooil 
of  dead  frogs  lucmutoblasts  always  appear  in  large  numbers. 
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ind  gradually  become  transformed  into  red  corpuscles 
{hvmiiidn'j ;  he  gives  a  very  accurate  description  of  these 
hfpmatoblasts.  Repealed  experimenls  on  bird?  Iia%'e  afibrdcd 
me  prev;iscly  the  samp  resnlfs.  Neither  M.  Vulpian  nor 
M.  llayem  have  yut  forward  any  opinion  as  to  the  origin  of 
these  hseuiatobhists.  1  have  stated  before  that  they  are 
derived  from  nuclei  of  orij^n.  Rut  whence  do  these  latter 
come !  Do  they  all  come  from  the  broken  and  scattered 
uarlei  of  bucocyics  which  have  finished  their  existence  '. 

Fishes  have  no  lymphatic  glands.  Some  animaU  have 
DO  suleen.  1»  it  possible  to  admit  that  the  nuclei  of  origin 
oriKtiiate,  in  this  latter  case,  from  the  cells  lining  the  walls 
of  the  lymphatic  cavities,  and  that  in  thp  other  oviparous 
animals  the  spleen,  if  not  the  exclusive  plac«  of  their  pro- 
ductioDi  at  any  rate  plays  an  important  part  in  it  i  In  fact, 
I  have  shown  that  among  Selachians  the  spleen  is  partly 
formed  of  elements  which  are  identical  with  these  nuclei  of 
origin,  and  which,  detaching  themselves  one  by  onej  fall  into 
the  network  forming  the  tissue  of  the  organ,  and  are  carried 
away  by  the  blood.  It  nm^t  be  admitted  that  the  spleen 
plays,  among  oviparous  animals,  a  part  which  it  plays,  ptn- 
nnps,  among  the  mammals,  and  which  corresponds,  at  all 
events,  to  that  of  the  lymphatic  glands  of  the  latter  group. 

Lastly,  it  results  from  certain  experiments  which  I  per- 
formed some  time  ago  upon  birds.  Amphibia,  and  Hshes,  that 
the  removal  of  the  spleen  only  hinders  the  reparation  of  the 
blood  after  death,  and  that  either  the  nuclei  of  origin  are 
continually  originating  from  the  walls  of  the  lymphatics,  or 
that  the  leucocytes  of  the  hlood  are  sufHcient  for  this 
raultipUcation. 

Leueoctftes  of  Sernmer. — When  the  blood  of  an  oviparous 
animal,  and  often  when  that  of  a  mammal,  is  examined,  it 
is  possible  to  find  certain  elements,  the  natur*-  of  which  has 
been  for  a  long  time  misunderstood. 

I  thought  I  had  been  the  first  lo  describe  them  in  the 
blood  of  Selachians  (Soc.  de  Biologic,  Nov.  7).  I  have  since 
remembered  that  attention  had  already  been  drawn  to  them 
in  ft  special  manner  among  mammals  by  a  pupil  of  Alexander 
Schmidt,  in  a  paper  written  at  Dorpat.  I  propose  to  call 
them,  after  the  author  of  this  paper,  leucocytes  of 
Semmer. 

Even  if  their  existence  was  known,  their  fuodacnental 
structure  had  escaped  all  previous  observers ;  they  may  be 
regarded  as  leucocytes  (tney  are  the  sam^  size,  possess 
amt£boid  powers,  &f:.),  in  the  body  of  which  heemoglobin  is 
fanned.    The  latter  is  in  large  granules,  generally  measuring 
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noticed   ill  Lhe  group  of  camela*  (Camcltu  and  Auchenta), 
where  it  appears  to  he  universal. 

Globulets. — There  is  in  the  blood  a  third  kind  of  eletneat, 
which  anatomists  as  well  as  medical  men  have  almost  com- 
pletely ignored,  and  to  which  M.  Hayem  has  lately  siiddeolf 
drawn  attention.  Those  elements  were  discovered  by  Donn^  In 
18S8,  and  it  sceuis  only  right  to  preserve  for  them  the  name' 
of  the  French  microscopist  who  discovered  them.  In  184fi, 
a  German  doctor,  Zimmerman^  blames  his  fellow  couDiry> 
men  for  forgetting  in  descriptions  of  the  blood,  the  globulef* 
of  Donn^,  and  proposes  to  call  them  elementary  corpuscles 
(elementare  Korperchcn}.  Although  deacribed  again  by  M. 
jRobin,  they  have  remained  almost  altogether  ignored,  or  etue 
confounded  with  the  various  amorphic  granules  nlways 
to  be  found  in  the  blood. 

M.  Hayem  has  given  to  these  bodies  the  name  haemato* 
blasts,  and  has  since  described  them  in  rather  a  Gutumorjr 
manner,  omitting  certain  points  which  seem  extremely 
important.  1  believe  I  was  the  first  to  give  an  exact  descrip- 
tion of  them. 

These  bodies  are  really  chiefly  remarkable  for  the  precise 
morphological  character  which  distingnishes  them  from 
simple  granulations.  Zimmerman  was  not  after  all  so  much 
mistaken  about  this  as  Donn^  and  others;  he  cnlled  them 
corpuscles. 

They  are  elongated,  and,  except  in  the  very -smallest,  one 
diameter  is  much  longer  than  the  other.  They  are  slightly 
refractive,  they  appear  homoffeneous,  they  are  devoid  ^ 
nucleus,  and  are  unacted  upon  by  staining  reagents  (I). 
On  the  contrary,  they  approach  iti  their  physico-chemical 
characters  the  substance  of  the  body  of  leucocytes.  This 
analogy  is  even  more  striking,' 

I  UpOD  vli&t  biulagicjil  pcculimil;  dots  the  form  of  the  linsmatids  in  tbeae 
aiiimala  depend  ?  Tlie  {iroWm  n;ipcnr.i  to  W  linrd  to  resolve  in  tlie  pieHOt 
stale  of  icicDcc.  TIio  BnccstorG  of  tliis  gMun  of  mninmols  appear  to  be 
indigenous  iu  recious  of  tiic  globe,  ohcIi  hs  llie  Andes  aud  tLe  plaia  of 
Central  Asia,  wlitri:  l!iu  dcprpssinn  of  f.hc  baroiin>ter  is  eonaidcr&blfi.  TTiis 
form  of  hmnatid  uppeare  to  us  to  indicNlv  a  special  pi'apert.r  of  liuuioglobia. 

Among  fUbcs,  Ibe  Sytigimthiiim  have  reguJArl;  aaclcAtcd  discoidal 
bictDatids  like  tboac  of  mHinnialB,  nbilBt  otber  LopliobroQCJis  liave  tben 
extremely  elonpited  snd  fusiform, 

G.  E.  Rindflcisch  Ims  rcceotij  stated  that  iLe  form  of  the  hiemaltds  u 
only  ttie  cflnnrqiipnce  of  their  nihbinj;  one  opainst  tbe  otter  iu  the  scran ; 
the  context  is  suIEcieiit  to  show  wdnt  this  ^iu^lar  hjpoLliesia  in  -vroiih. 

■  'the  French  word,  used  bj  Domic,  was  not  '  globuk- 1,'  but  '  Biobulin.' 
— TaASsL. 

»  This  analogy  would  lead  one  to  suppose  that  tlie  globulots  were  derived 
from  tbe  body  of  Ibe  leucocytes.    Odo  mi^ht  bnDg  forward  to  defend 
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They  potBMS  an  extremely  marked  tendency  to  run  together, 
«'rher  with  one  anutber,  with  the  leucocytes,  or  with  the 
iictnafids,  even  in  the  blooil  in  circulation  when  under  ab- 
iwrm&l  conditiotis. 

The  proportional  number  of  the  globulets  varies  con- 
nderably  according  tocircumsUuces.  They  are  exceedingly 
e«cy  to  study  in  very  young  cats;  speaking  generally,  they 
axe  not  easily  «een  in  animaU  whose  blood  ig  being  repaired. 

L/Cngtft  of  duraiion  aii'I /(Ue  of  the  hcemaiids, —  It  is  quite 
clear  that  pans  of  uiir  organiuin  wliich  are  lus  much  exposed  to 
accidental  lo«Ma  a*  are  the  elements  of  the  blood,  and  even 
lo  periodic  losses  which  accompany  certaiu  functioni,  ought 
10  be  always  undergoing  a  regeneration,  thia  regeneration 
only  becoming  more  or  less  active  according  to  circum- 
•tancee. 

A  consequence  of  this  constant  regeneration  is  that, 
although  one  must  consider  some  element  in  the  body 
as  perennial,  e.  g.  nerve  cells,  it  is  hardly  possible  to 
^ink  so  of  either  hffmatida  or  leucocytes.  The  elements 
of  the  blood  have  therefore  a  abort  existence,  how  short  we 
know  not ;  various  things  point  to  its  being  only  a  feir 
weeks,  or  at  moet  a  few  months. 

If  mammal's  blood  is  transfused  into  bird^s  blood,  the 
bsematids  are  found  unaltered  at  the  end  of  fifteen  or 
twenty  days. 

Brown-Sequard  found  this  to  be  the  case,  and  I  have 
since  repeated  the  experiments,  using  the  dog  and  pigeon. 
On  the  other  hand,  the  hasmntid  of  birds  placed  in  a  mammal 
are  not  to  be  found  after  a  few  hours  only  ;  this  may  dimply 
be  attributed  to  the  much  greater  diameter  of  the  htcmatid  of 
the  bird.  These  latter  seem  to  be  almost  immediately  killed 
and  destroyed  by  the  state  of  the  new  medium  in  which 
they  are  placed. 

If  it  is  difficult  to  ascertain  the  absolute  age  of  a  hscmatid, 
it  »eems  easier  lo  determine  their  relative  age. 

As  a  rule  with  mnmrnal's  btematids  as  well  as  with  chose 
of  oviparous  animals,  the  nearer  they  are  to  their  period  of 
decline  and  disappearance  the  more  coloured  and  refraclive 
are  they.  There  is  no  doubt  that  the  h»matids  end  by 
becoming  dissolved  in  the  serum.  They  diminish  in  volume, 
and  tinalty  take  a  more  or  less  regular  spherical  form.  They 
answer  in  this  state  to  the  description  of  elementn  found  in 

tbi»  brpotkesU  a  more  or  lets  distant  analc^,  between  llii*  plinmnicDon 
and  the  fortnation  of  the  dircclLvc  corpusoles;  n  cQinmon  charnetrr  being 
the  reffaJsr  wgmeatAlinii  of  tliti  tiuclirus  of  the  le«ooojt«>  tato  foiu'  uiA  tiie 
ncidar  ugmeiitalioo  of  llu  vitciJiu,  &c. 
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munication  between  the  afferent  and  f-ffprent  veaseU.  If  it 
cprtaiu  plnces  these  chanaeU  :ire  iletiiiitt^l)'  closed  iu,  Clicj 
sometimes  open  directly  into  the  follicular  siibsiauce ;  in  short, 
there  is  really  no  vulid  distinction  to  bp  drutvn  between  the 
two  tissues  which  are  described  as  forming  the  Malpighian 
corpusclfs,  the  lacunnt  tissue,  and  the  follicular  tiuae. 
Tiierefore  the  foUomng  may  be  taken  ns  a  plan  of  a  Mai- 
pighiaii  corpuscle.  On  the  lymph  paths  proper  (Ucuaar 
tissue)  arc  arranged  certain  Cffcal  prolougations  (follicular 
tissue),  which  are  closed  only  at  the  periphery,  but  open  oo 
the  other  hand  into  the  paths  where  they  are  continuoiu 
with  them,  by  Idcunfe,  which  are  here  large,  but  get  narrower 
end  narrower  towards  the  bottom  of  the  cieca. 

Beyond  the  point  of  insertion  on  the  lymph  path  the 
cscum  ie  deBnitcly  bounded,  and  bounds  in  its  turn  the 
lymph  path,  or,  in  other  words,  the  regions  of  lacunar  liwue. 
In  these  ctecal  prolongations,  as  well  as  on  the  walls  of  the 
trabecular  of  the  so-called  lacunar  tissue,  certain  cells  pro* 
liferate,  and  manges  of  cells  are  seen  developing  in  them 
comparable  to  the  nuclei  of  origin  of  the  leucocytes,  nud 
which  are  evidently  destined  to  fall  into  the  lymph  current, 
and  form  the  latter.  Hut  sumelimes  these  same  cell*, 
especially  those  in  the  lacunar  tissue,  undei^  a  differeot 
development.  The  protoplasmic  body  of  the  cull  becomes 
rounded,  and  presents,  .-ilong  with  other  granulationa  of  uq. 
known  nature,  four,  five,  or  six  large  graaules,  sometimes 
almost  polyhedral,  uf  a  subslance  baring  all  the  characters 
of  htcmoglnbiii.  Tlicee  granules  have  lieen  constantly  taken 
for  htematids  in  the  course  of  formation,  or  for  harmatids 
collected  together  in  cells  to  which  amuiboid  movements 
have  been  attributed,  although  no  one  baa  ever  proved  their 
existence,  forgetting  that  the  ultimate  origin  of  the  htema- 
tids thus  observed  in  contact  with  the  cells  in  question  ha* 
yet  to  be  explained. 

The  interpretation  of  this  phenomenon  seems  simple 
enough.  IltemogWbin  is  not  a  special  product  of  htema- 
tids ;  it  also  occurs  in  the  leucocytes  of  Semmer.  The  1am 
granules  of  hicmoglobin  found  in  the  cells  of  the  lymphatic 
glands  certainly  do  not  originate  elsewhere,  and,  moreover, 
are  nut  simply  hsematids  absorbed  by  the  cells  of  the  no- 
dules, just  as  they  are  not  developing  harmatids.  Tlw 
presence  of  these  granule's  of  hajmoglobin  always  has  the 
effect,  when  they  arc  abundant,  of  giving  the  tissue  of  the 
Malpighian  corpuscle  a  reddish  tint,  and  even  a  decided  red 
colour,  if  llip  cells  so  altered  are  verj-  numerous.  We 
shall  sec  pre»eiilly  to  what  errors  this  modifiiatioii  of  the 
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liaeue  oF  the  nodules,  ifhich  has  nothing  whatever  to  do 
with  hoE^tDatogcncsifi,  ho^  given  rise. 

TJte  S^h«n. — The  older  observers,  by  experiments  which 
I  have  repeated,  proved  bejond  a  doubt  that  the  spleen  was 
not  essential  in  the  regeneration  of  the  blood  after  extensive 
hx*morrhage,  1  have  already  briefly  described  the  struu- 
ture  of  the  tissue  of  the  spleen.  As  I  said>  tt  is  extremely 
probable  that  a  large  number  of  the  hEematids  are  normalljr 
arrested  in  it  when  they  have  lo8t  their  ela«ticity,  which  they 
do  aa  they  grow  old^  on  account  of  the  large  amount  of 
hmnoglobin  then  present.  These  old  hecmatids,  thus  re- 
tained  in  the  meshes  of  the  splenic  tissue,  certainly  help  to 
give  it  its  colour,  which  it  po^iiesscs  even  when  thoro  is  very 
Utile  blood  in  it.^ 

The  fact  that  the  serum  found  in  the  splenic  vein 
appears  to  be  more  yellow  than  that  found  to  other  vosseU 
(G.  E-  Rintlfleisch),  might  perhaps  be  explained  by  ihia 
breaking  up  of  the  old  hiemalids,  which  are  arrested  in  the 
parenchyma  Lous  tissue  of  tlie  spleen. 

Those  who  have  attributed  to  the  spleen  a  definite 
hcematogeuetic  function,  ought,  at  the  same  time,  to  re- 
member that  hamiatogencsis  is  no  less  nctive  in  mnmmals 
from  which  the  spleen  has  been  removed ;  they  have  gone 
further,  and  supposed  that  the  spleen  was  helped  by  the 
mesenteric  glands,  and,  indeed,  even  by  the  subperitoneal 
tissue  !  At  least,  it  ought  to  be  proved  in  this  case  that  the 
glands  and  the  cellular  tissue  have  takeu  on  the  totally 
different  histological  structure  of  the  spleen-parenchyma ; 
and  the  ata^B  of  such  n  wonderful  transformation,  which 
would  be  one  of  the   most  curious   known    to  anatomists, 

rht  to  be  pointed  out !  On  the  other  hand,  it  would  be  a 
Bless  physiology  which  ascribed  to  two  organs,  of  such 
ttially  different  structure  and  texture  as  these,  the 
same  function.  It  is  really  astonishing  that  biulogi^ts 
have  accepted  this  singular  idea  of  a  vicarious  action, 
89  it  has  been  called,  on  the  part  of  certain  organs  which 
arc  supposed  to  take  onj  for  the  time  being,  the  functions 

'  Frobsbly  11i«  Ualpij^bian  corpuscles  ought  not  to  be  looked  upon  as 
special  stnK^arrs,  but  >iiu|t);  m  rcgibio  wlji^ri;  tlic  iipt«nir  ti»>ue,  more  or 
lesa  acviiicBlsilv,  Ltn  become impermeiblfl  to llie  blood  whidipasies  (trough 
tbe  organ.  In  tcleoilisn  fiibcft  IIksc  impcrmcftb'li;  irgtons  nrc  not  iM>lnlectt 
bat  fonn  a  thick  tiet-work  in  th«  organ ;  moreover^  in  Aini>hibui  there  is  & 
devcbpiueul  of  c^rl^u  cell*  of  tlie  spleen,  wbicli  recalls  (st  least,  >o  far  is 
one  can  iuilge  vitliout  Laving  specinllj  studied  it)  the  dtvctopmentoftlioec 
c«H«.  wliica  1  sImII  descrilw  [iirtbcc  on.  ia  tlie  marrow  of  tlie  bone*  o( 
tnatDinals. 
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of    other    organ*    wbtcfa   have   not   th«   Mme   anatomical 
structure. 

Th«  Marroto  of  the  Bones. — Of  all  tbc  qucBtioni  which 
touch  upon  heDmatog;enc»U,  perhaps  the  most  dalicatc  aod. 
tnoreover,  the  most  difficult  to  settle,  is  the  part  which  is 
plaj<^d  by  the  marrow  of  the  hones.  Just  now  this  hemato- 
poietic function,  which  has  been  attributed  to  ao  tnaoj 
orgaiiB  one  after  another,  is  ascribed  to  the  marrow  of  the 
boaes  ;  and  it  must  be  admitted  there  are  mon-  or  leu  valid 
reaaoni  for  it.  Id  the  6rst  place,  in  all  mammala,  with- 
out exception,  the  marrow  of  the  bones  preserves  the  charac- 
ters which  it  has  in  the  ftetua,  that  is  to  say,  the  nuuTOw 
remains  red,  particularly  in  the  bodies  of  the  vertebr«.' 

Even  in  mammals  which  have  a  large  quantity  of  fat, 
«.  g.  Cetacea,  I  have  ascertainpd  that  the  marrow  of  the  ver- 
tebra: and  the  spongy  substance  of  the  large  bones  of  the 
limbs  is  red;  lastly,  the  red  marrow  caooot  be  removed  from 
an  animal  in  the  way  the  spleen  can,  and  the  part  it  plays 
in  hsmaiogenesis  experimentally  judged. 

In  1S68  there  was  a  dispute  between  MM.  Neumann  and 
Bizzozero,  as  to  who  had  discovered  in  the  red  marrow  of 
animals  anatomical  elements,  the  protopltismic  body  of  which 
presented  the  same  characters  as  the  substance  of  the  haema* 
tids,  but  which  at  the  same  time  possessed  a  nucletu. 
Stated  thu»,  this  fact,  as  pointed  out  by  MM,  Neumann  and 
Bizzozero,  is  perfectly  correct,  but  MM.  Neumann  and  Biz- 
zozero, each  on  their  own  side  went  further,  and  concluded 
that  the  red  marrow  was  essentially  h»-maCupoie(ic,  and 
that  the  elements  that  they  pointed  out  were  none  other  than 
young  hiemalids  in  the  course  of  development.  This  in- 
terpretation may  he  true,  but  it  is  not  yet  proved.  To  accept 
this  hypothesis  wc  must  take  it  for  granted  that  hscma- 
tids  are  formed  by  the  atrophy  or  htemoglobic  degeneration 
of  the  true  cells  of  the  marrow,  and  that  they  fall,  afler  their 
nucleus  ban  completely  diftappenred,  into  the  blood-stream, 
just  as  the  nuclei  of  origin  fall  (as  1  have  shown  above)  into 
the  lymph  stream. 

The  first  question  that  then  suggests  Itself  is — have  the 
capillaries  of  the  red  marrow  any  walls.'  U.  Hoyer, 
and  more  recently  M.  G.  E.  RindAeiscli,  have  declared 
that  the  medullary  capillaries  possess  a  wall.  Moreover, 
M.  Rustizky  showed,  in  1872,  and  1  have  since  proved, 
that  the  medullary  capillaries  are  certainly  coated  with  endo- 
thelial cells. 

*  BxMptine  DD  the  Iwt  cfcUcUl  Tertebrtt,  where  on  tbs  eootrary  it  it  ox- 
treflielf  full  of  fst. 
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The  6[ft  point  we  wished  to  know  is  then  well  eelab- 
lished. 

It  is  also  certain  that  many  of  the  marrow  celU  undergo  a 
btemoglobic  degeueralion  altogether  compiirable  lo  that 
undergone  by  the  hKmatids  in  circulation  in  the  blood  of 
oviparous  animals.  The  protoplasmic  body,  at  first  colour- 
less and  finely  granular,  soon  becomes  hyalitie, coloured,  and 
refractive.  At  the  same  time  the  nucleus  gradually  loses  its 
chemical  characters  and  finally  di»appeaT4.  The  peculiar 
red  colour  of  the  marrow  is  due  to  the  abundance  of  these 
elements. 

The  question  so  often  discussed  as  to  the  essential  identity 
of  the  marrow  element*  (medullo-celles  of  M.  Ch.  Robiu) 
and  the  leucocytes  is  here  beside  the  mark.  Such  identity 
is  improbable,  and  in  any  Cflse  the  "medullo-celles"  never 
present  the  characteristic  four  nuclei  found  in  the  leucocytes 
of  the  lymphaticp.  We  might  here  call  to  mind  the  words 
of  the  German  anthor  of  one  of  the  last  works  on  the  sub- 
ject, "  The  terra  white  corpuscle  has  become  a  sort  of  omni- 
bus into  which  ercrythtng  is  thrust." 

It  is  now  well  known  that  the  medullary  elements  undergo 
hsemoglobic  degeneration  alotig  with  a  disappearance  of  the 
nucleus. 

In  the  less  modified  elements  independent  masses  of 
hemoglobin  appear  almost  a«  large  as  hiematids,  but  pushed 
out  of  shape  by  the  neighbouring  elements. 

It  has  been  proved  that  before  this  degree  of  degeneration 
U  fttt&ined  the  maiines  of  hiemoglobin  contain  a  nucleus 
which  disappears  by  gradual  assimilation  iuto  the  proto* 
plasmic  body  as  in  tin?  vascular  area  in  Rodents,  and  not  by 
going  out  of  the  cell,  as  hna  recently  been  stated  (O.  E. 
UindfleischJ.  The  que^iiun  arises  do  these  mafwea  of  haemo- 
globin, which  have  been  very  projierly  called  "medullary 
hicmatids,"  and  which  are  morcovpr  comparable  tn  all  respects 
to  the  hsmatids  of  birds,  end  their  retrograde  development 
by  becoming  dissolved,  or  do  they  fall  into  the  blood  stream  f 

It  is  imiMssible  to  suppose  that  these  clemcnis  can  exhibit 
Bpontaneou«  movements,  so  as  to  admit  of  their  displacing 
themselves,  or  becoming  detached  from  the  walls  of  the 
capillary,  and  finally  passing  through  the  endothelial  cells, 
or  pushnig  in  between  them  by  a  sort  of  reversed  diapedcsis. 
One  of  the  essential  characters  of  hajmoglobic  degeneration 
ia  the  almoat  immediate  loss  of  all  power  of  amceboid  move- 
ment in  the  protoplasm, 
ft  On  the  other  hand,  can  we  look  to  external  forces  to 
■  accomplish   for  the  hcematid  this  migration  ?    No  1  for  the 
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marrow  is  quite  immovable  and  »pccial1)r  fixed  iu  the  toltd 
substance  of  the  boiic. 

Another  question  arises,  if  this  ilegeneratton  were  to  go  on 
at  the  same  time  in  a  number  of  element*  bordering  upon  a 
ca)iillary,  the  wall  which,  as  we  have  sevn,  ia  formed  of  a 
■ingle  Inycr  of  endothelial  cellsj  would  lireiik  through  sooner 
or  litter  and  aHow  the  blood  sirenm  to  take  in  lhe«e  new 
h£croaiids  while  they  were  yet  undeveloped,  while  a  new 
endothelial  wall  would  have  to  form  to  cover  up  the  space 
where  they  had  bcrn  set  free.  In  other  words,  would  not  the 
capillaries  uf  bono  be  continually  undergoing  development 
or  rather  displacement  in  the  medullary  tissue?  Nulliing  in 
siich  observations  relating  to  this,  as  I  for  my  part  have 
bean  able  to  make,  furnish  any  indication  of  atiything  of 
the  kind  taking  place,  or  that  the  medullary  cells  while 
undergoing  development  come  into  any  special  relation  with 
the  capillaries. 

Certain  anntoniii^ts  have  thought  that  the  marrow  of  the 
bones  wa?  modifipd  after  great  hiemorrhage,  and  when  the 
blood  is  being  regenerated.  All  the  experimeuts — which, 
however,  have  not  been  many — that  I  have  made  in  this 
matter,  have  not  shown  this  to  be  the  case. 

It  must  then  be  admitted,  and  I  think  we  can  go  no 
further,  that  the  marrow  cells  undergo  in  situ  a  hacmoglobic 
degeneration  comparablt-  lu  that  taking  place  in  the  hmma- 
tids  of  birds,  and  which  also  takes  place  in  the  marrow  of 
the  bones  of  birds  before  it  has  given  place  to  the  air  cavi- 
ties. In  fact,  marrow  exists  in  the  bones  of  reptiles  and 
Amphibia,  as  well  as  in  young  birds,  and  yet  no  one  has 
dreamt  of  ascribing  any  heematopoif'tie  function  to  it- 
Fishes  have  no  marrow  in  their  bones. 

To  sum  up: — the  development  of  hamatids  among  ovi- 
parous animals  and  that  of  the  marrow  cells  are  two  praoeaset 
which  are  in  all  points  comparable  to  one  another,  just  as 
the  appearance  of  granules  of  hamioglobin  in  the  lymphatic 
gland  is  comparable  to  what  happens  in  the  leucocytes  of 
Scmmer. 

It  has  been  attempted  to  found  an  argument  in  favour  of 
the  liiematopoietic  function  of  the  marrow  on  the  existence, 
which  has  benn  proved  from  time  lo  tim^,  of  cells  in  the  blood, 
with  H  nucleus  and  a  body  containing  hajmoglobin-cells  con- 
sequently analogous  lo  the  hajmatids  of  birds,  only  often 
without  a  regular  form. 

It  will  be  sufficient  to  draw  attention  to  the  extraordinary 
rarity  of  these  elements  which  one  hardly  finds  in  oua  oat 
of  a  hundred  preparations.       They  are  not  moreover  mors 


J 


OBlOIK   or  RED  lltO0D-COA?tr»CL89. 


8«7 


abnndimt  in  blood  which  is  undergoing  repair  than  in 
jiorraal  blood.  Certainly  it  may  be  that  they  are  marrow 
cells  which  have  accidentally  fallen  into  the  blood  current, 
but  it  is,  perhaps,  more  logicil  to  look  upon  them  as  leu- 
rocytes  which  have  accidentally  undergone  a  hvemoglobic 
degeneration  after  the  faahion  of  marrow  cells  or  the  ha;ma- 
tids  of  oTiparons  animals.  In  any  cose  the  extreme  rarity 
of  these  elements  takes  away  from  them  any  value  in  the 
solution  of  the  problem  of  hsematogenesis. 

hymphoid  PairJi^s  in  th/i  iialhU. — MM.  Ranvier  and 
Hayem  have  recently  held  that  hiematidfl  being  devoid  of 
nucleus  were  necesEarily  endogenous  cellular  productions. 

M.  Ranrier  has  brought  to  bear  upon  this  subject  his 
obflcrva lions  on  the  lymphoid  patches  in  the  mesentery  of 
the  rabbit  where  he  baa  thought  he  has  seen  and  has 
figured  h»?-matid9  originating  in  the  midst  of  angioplnstic 
cells  destined  to  become  the  walls  of  the  vestwls.  But 
admitting  the  perfect  accuracy  of  the  observations  of  such  a 
ekilfttl  anatomist,  it  must  be  allowed  it  would  be  very 
difficult  to  ascribe  to  them  such  a  character.  In  this 
caee  it  would  follow  that  the  constant  repair  of  the 
blood  is  necessarily  bound  up  with  the  prcMjuctions  of  new 
capillaries,  and  that  the  restoration  of  the  blood  after  great 
liemorrhage  is  accompanied  by  a  considerable  extension  of 
the  capillary  system!  It  has  not  yet  been  shown  that  this 
is  the  case.' 

Biooii  UHtierffoittff  Repair. — It  only  remains  to  examine  the 
conditioDs  which  blood  presents  among  mammals  while  under* 
going  repair  after  great  hicuiorrliage.  Observing  the  blood 
under  these  conrlitiona  one  is  struck  witli  the  extraordinary 
abundance  of  globulcis,  and  above  all,  by  the  number  of 
intermediate  forme  between  the  globulels  properly  sft  called 
and  the  elongated  oval  ha:matids  which  I  described  above  j 
aud  no  doubt  these  are  all  the  same,  passing  from  one  form 
to  the  other. 

They  arc  very  easily  seen  in  the  dog.  I  have  also  observed 
Ihem  in  the  rat.  It  is  only  necessary  to  subject  these  animals 
to  copious  and  frequent  bleeding  The  globulels  of  Donn^ 
(hromatoblasts  of  M.  Ilayem)  appear  to  me,  as  Zimmerman 
suspected,  and  as  M.  Ilayem  admitted,  to  be  the  true  origin 
of  the  hxiaatids  of  mammals.  They  represent  the  young 
stale  just  as  the  microcytes  of  MM.  Vanlair  and  Maaius 
represeut  the  old  aud  decayed  sUte. 

I  A  tluDg  whicb  'circumstances  mt\y  very  rarelj  allow  on«  lo  study,  and 
whieh  wouM  be  of  coiisldenblc  interest  ia  this  coDocctiQii,  U  the  mode  of 
repair  of  the  uterine  mucous  coat  duniig  sa  iutermenstrual  period. 
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The  glohulet,  which  after  lU  appearance  in  the  terum  is 
di»tint-tTy  e1ongAtf[l,pi)Iarge«  in  all  directions  ;  its  stibatance, 
which  at  first  perhiips  appeared  finely  granular,  becomes  per- 
ft-ctly  hyaline  ami  refractive.  It  passes  into  the  state  of  au  oval 
elongated  hsmatid,  the  long  diameter  of  which  is  larger 
than  the  diameU-r  of  the  discoidal  b»matids  which  have  a 
slightly  pronounced  and  thickened  margin.  The  normal 
discoidal  hxmatid  thus  represents  a  more  advanced  stage  in 
the  development  of  the  cell,  and  is,  in  fact,  its  adult  condi- 
tion. To  this  succeeds  a  period  of  degeneration,  during  which 
the  hnmaiid  becomes  irregularly  spherical  and  darker  in 
colour,  before  (lifia.p|>earing  altogether. 

Origin  of  Globtilcte. — How  do  the  globulets  originate  ? 
Are  they,  as  M.  Ilaycm  wished  to  show,  an  end<^enoii»  pro 
duct  of  certain  cells  which  are  at  present  unknown  ?  Or, 
on  the  contrary,  must  we  recognise  in  these  elemenle  direct 
products,  organic  concretions,  of  a  special  kind  originating 
in  the  blood  plasma  itself?  As  a  matter  of  fact  their  mor- 
pholo^fical  characters,  which  are  well  known,  do  not  allow 
of  their  being  looked  upon  aa  amorphous  deposits  of  albtl- 
uiinoLis  matter.  They  have  evidently  a  definite  structure,  and 
on  this  account  are  entitled  to  be  called  anatomical  clcmenta 
OK  well  as  the  crystals  of  "  otoconia  "  or  the  laminated  fihre« 
of  connective  tissue,  if  it  is  to  be  admitted  that  these  Utter 
form  independently  of  the  body  of  the  cells  which  form  the 
fibres. 

The  globulet  exhibits  the  peculiarity  common  to  it 
and  to  many  cell*  of  'fixing  or  forming  hainioglobin. 
The  gradual  accumulation  of  the  latter  explains  the  growth 
of  the  corpuscle.  The  proportion  and  character  of  the 
hemoglobin  regulates  the  form  of  the  corpuscle  which 
at  first  is  oval  and  afterwards  discoidal.  When  there  i«  a 
large  amount  of  haemoglobin  present  further  growth  stops. 
Thus  the  amount  of  hemoglobin  determines  the  limit  of 
growth.  This  limit  is,  on  the  other  hand,  in  direct  relation 
with  the  minimum  diameter  of  the  vessels  through  which 
the  hsematid  has  to  pass.  I  nm  well  aware  that  if  the  evolu- 
tion of  the  hoematids  is  such  as  I  have  indicated,  it  goes 
against  certain  well-known  facts  of  general  anatomy.  This, 
however,  is  not  always  a  sufficient  reason  for  rejecting  a 
theory,  nhich  if  it  he  true,  would  be,  on  the  contrary,  an 
explanation  of  what  has  been  for  a  long  time  misunderstood. 
According  to  my  hypotbefeis,  the  hfcmatid^  of  adult  mam- 
mals would  not  be  cells,  would  not  even  be  derived  from  cells. 

I  may  here  remark  that  htemoglohin  should  be  regarded 
ai  a  product  of  a  cellular  organism  and  not  as  an  iulegral 
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part  of  the  ump.  In  thia  reapect  hsmoglobin  behaves 
like  fal,  or  like  vitellin  (i^anules,  or  etBrch,  &c,  [t  might 
b«  even  more  exactly  compared  to  chlorophyll,  which  some- 
timet  appears  in  the  midst  of  the  cellular  substaace,  and 
fiomptimea  in  soluiion  io  the  body  of  the  cell  itself.' 

Sometimea,  id  fact,  the  heemoglohia  appears  stored  up  in 
the  cell  (leucocyt«»  of  Semmer,  cells  of  lymphntic  gl«ud«), 
and  at  other  times  iliffused  throughout  the  whole  body  of 
the  cell,  only  in  proportion  as  the  substitution  is  more  and 
more  complete  the  celt  body  loses  more  and  more  ite  vital 
properties^  properly  so  called ;  it  becomes  inactive,  and  iho 
nucleus  disappears.  Soon  the  whole  is  nothing  but  the 
wreck  of  a  cell- 
It  appears^  at  the  same  time,  that  as  more  and  more 
hsnttoglobin  is  formed  this  living  matter  cannot  continue  to 
exist  and  disappears,  and,  as  a  consequence,  the  cell,  which 
is  ndneed  merely  to  the  haemoglobin  which  is  depoBited  in. 
it,  is  able  to  dissolve  in  the  plasma,  and  so  disappear. 

All  this  tends  to  show  that  heemoglobin  is  a  rery 
secondary  product  of  the  organism,  and  it  would  not  be 
astonishing  if  this  body,  which  results  from  extraordinary 
complex  chemical  actions  going  on  in  the  blood  plasma, 
were  sometimes  to  form  and  be  deposited  in  cells,  properly 
•0  called. 

As  to  the  first  appearance  of  the  globulets  in  the  midst  of 
tlie  blood  plasma,  it  is  not  really  more  surprising  than  that 
of  the  fibres  which  appear  in  the  same  plasma  when  drawa 
from  the  vessels — fibres  <vhich,  it  must  be  remembered,  have 
a  definite  morphological  character. 

To  the  globotet  thus  formed  of  albuminous  substance 
(globulin)  there  is  soon  added  a  crystalline  substance,  or  at 
least  a  substance  having  certain  characters  which  belong  to 
crystalline  subttsnccs  (haemoglobin),  and  it  is  to  this  that 
the  increase  in  volume  is  due.  Such  an  increase  of  volume 
is,  therefore,  not  a  case  of  development  in  its  technical  sense, 
but  simply  a  growth  comparable  to  that  of  a  group  of  bodies 
similarly  formed  by  the  union  of  albuminous  compounds  and 
cystallinc  compounds,  which  M.  Uarting  and  others  have 
studied  so  carefully. 

To  sum  up,  it  must  be  admitted  that  the  origin  of  the 
bsmatids  among  adult  mammals  has  not  as  yet  beeu  com- 
pletely made   out.    AnatomisU   are  divided    between   two 

'  "It  spavtimts  ha|if>eits  (smoog  tlgm)  that  IhewhoJe  urotoplMmio  bms 
u  coloured  ma  neepting  the  most  micrnJ  kjet.  the  membrtaoua  Urer 
tod  certain  tsotattd  tpoU  (a»ay  ZMi^wrm,  Pslmollaceie,  gonidia  of  iicW* 
Sactis. 
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principal  theories.  Somej  witli  MM.  Neumann  and  Bi<- 
zoxero,  distinctly  attribute  to  the  red  marrow  this  function 
in  the  economy — the  production  of  the  haimntids  and  the 
provision  for  the  normal  regeneration  of  the  elements  of  the 
blood  after  accidental  Iobscs. 

I  think,  on  the  contrary,  with  M.  Uayem,  that  the 
bsmatids  originate  from  the  globulets  of  Donu^  ;  only  we 
difier  as  to  the  origin  of  these  globulets. 

Whilst  M.  Hayem  looks  upon  thera  as  the  endof^enoas 
product  of  cells  which  are  as  yet  unkno^vn,  it  Boems  to  me 
thai  everything  goea  to  prove  that  ibey  are  formed  in  the 
blood  plasma  whilst  in  circulation^  in  a  way  which  is  more 
or  less  analoj^ous  to  the  formation  of  the  filaments  of  ftbriii 
in  blood  which  has  been  drawn  from  tho  veseeU. 


LIMMOCODirM   (PRASPEDACCSTRS)   ftOWSBnil. 


On  LiiraocoDiuM  {CrMpedaeusfts)  Sowkhbii,  a  nev  Tiicho- 
lUDDSA  inkahiting  Frb^h  Water.  By  E.  Rat  LankestkBj 
M.A.,  F.R.S.    With  Plates  XXX  and  XXXI. 

At  the  meeting  of  the  fioyal  Society  on  Jane  17th,  nod  ia 
'  Nfttare*  of  that  date,  I  described  in  the  following  terms  a  re- 
mukable  Uedusa  which  I  had  received  a  few  dajii  before : 

"  On  Thursday  last,  June  lOtb,  Jlr.  Sowerhjr,  the  Secretary 
of  the  Botanical  Society  of  London,  ob^trved  iti  tlio  tank  in  the 
waker-Uly  house  in  Regent* s  Park  some  peculiar  o^^aiiisms,  of 
which  he  was  kiiid  enough  to  place  a  large  number  at  my  dis- 
posal on  the  following  Monday. 

"The  organism  proves  to  be  an  adult  Medusa,  belonging  to 
the  order  Trachomedusie,  and  the  family  Petaeidje,  of  Uaeckcl's 
iiystem.  It  comes  nearest  among  described  genera  to  Fritz 
Miiller's  imperfectly  known  Aglauropsis,  from  the  coast  of 
Brazil. 

"The  most  obviously  int*restiBg  iioint  about  the  form  under 
notice  is  that  it  occurs  in  great  abundance  in  perfectly  fresh 
water,  at  a  temperature  of  90°  F.  Hitherto  no  Medusa  of  any 
order  has  been  delected  in  fresh  water.' 

"It  IB  exceedingly  difficult  to  trace  the  introduction  of  this 
animal  into  the  tank  in  the  Ucgent'a  Park,  since  no  pluntn  liave 
been  recently  added  to  the  lily-hoase,  and  the  water  ia  run  off 
erery  year.  Probably  a  few  gpecimens  were  last  year,  or  llie 
year  before,  present  in  the  tank,  and  have  only  this  year  multi- 
plied in  sufficient  abundance  to  attract  attention.  Clearly  the 
lledusa  is  a  tropical  !>j>ecies,  since  it  Houriskes  in  water  of  this 
Wgh  temuerature  (90'*  F.) 

"  ^[r.  Sowerby  has  observed  the  Medusa  feeding  oq  Daphnia, 
which  abounds  in  the  water  with  it. 

"The  present  form  will  have  to  be  placed  in  a  new  genus,  for 
which  I  propose  the  name  Craspedacustes.^ 

"  It  presents  the  common  characters  of  the  Trscho medusae  (as 
distiiigiiiBhed  from  the  Narcomedusa;)  in  having  its  genital  sncn 
or  gonadi  placed  in  the  course  of  the  radial  canaU,  It  agrees 
with  both  Narcomedusie  and  Trachomedusce  iu  having  endodcr- 
mal  otooTstfl — and  further  prtseuts  the  solid  tentacles  with  car- 
tiiaginoid  axes,  the  centripetal  travelling  of  the  tentacles,  the 
tentaclfr-rivets  (Mantelspangwi),  the  thickened  marginal  ring  to 
the  disc  (Nesselring)  observed  in  matiy  Trachomcdnsoe. 

■  Except,  perliaj)*,  some  cstu.inoP  iilMu&a  and  olhcn' 

*  ^.(taawtiatovantti  OQC  vIlQ  I  \  of    tbc   Xfntr 

velun- 
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"  AjQonnt  TrachomedusK,  Craspcdacasles  &ada  iU  place  in 
th«  PeUnoffi,  wfaicb  are  cbaract«riscd  as  '  TracbomedusK  with 
four  radial  cuials,  in  the  coarse  of  which  the  four  gonads  lie; 
with  a  long  tubular  stomach  and  no  stomach  stalk.' 

"  Amongst  FcLo^idte  it  is  remarkable  for  the  great  Domber  of 
ita  tcntaclea,  which  are  all  solid,  and  for  its  verf  nameroaa  oto- 
cjrsts.  Further  it  is  remarkable  amongst  all  Hjrdromedara 
fvelate  Medium  exclusive  of  Charvbdusa)  for  the  fact  that  ct^otri- 
fugal  radialiog  canals  paas  from  the  otolithic  concretions  which 
they  enclose  into  the  veluM  where  they  end  cttcaiiy. 

"The  genus  may  be  characttriwd  as  follows  : 

"  Mouth  quadnlid,  with  four  pirr-radial  lobes. 

"Stouacu  long  and  tubular,  projecting  below  the  disc. 

"Disc,  llatUiicd, 

"  Raoul  canals,  four  terminating  in  the  marginal  cbdbI. 

"  Makolnal  (Ring)  canal,  voluminous. 

"CxNTBiPBTAL  CANALS  (such  as  those  of  OliodiaB,  QfTjonia, 
&o.}  absent. 

"  Tbntacles,  solid  ;  in  three  sets,  the  horizons  of  the  insertion 
of  which  are  superioipoaed  : — 

"  fl.)  A  highest  (nearest  the  umbrella-pole)  set  xA/our  large 
pcr-radial  tentacles — primary  tentacles. 

*'(}£.)  A  second  tier  of  tviefU\j-ei§hi  or  more  medium-sized 
tentacles  placed  between  thette  in  four  groups  of  seven — secon* 
dary  tentacles. 

"  (3.)  A  third  tier  of  one  hundred  and  nincti^-tieo  or  more 
small  tentacles  placed  in  groups  of  six  betwown  the  Last — tertiarj 
tentacles, 

"Tentacle-rivets  (Mautelspangeii)  connecting  the  roots  of 
the  tentacles  with  the  marginal  ring  (Nesselring)  arc  connected 
with  all  the  tcntaclM. 

"Otocysts  placat  along  the  line  of  insertion  of  the  velum: 
about  eighty  in  number,  from  siKteen  to  twenty  between  sach 
pair  of  perradial  tentacles,  arranged  in  groups  of  two  or  three 
between  the  successive  secondary  tentacles. 

"  Vklau  CBMTR1P0OA1.  cA?f  ALS  sre  present,  passing  from  tbe 
otocysts — one  from  each  otocyst — into  the  velum,  and  there 
ending  blindly.  They  appear  to  correspoud  iu  character  to  the 
watripefai  canals  found  in  other  Trachome[|u5»i  in  the  disc. 
Their  presence  constitutes  the  chief  peculiarity  of  the  genua 
CraBuedacuatcs,  and  may  necessitate  tbe  formaliou  of  a  distinct 
Eamity  or  suborder  for  its  reception. 

"  (The  minute  characters  of  the  otocysts,  and  their  relation  to 
these  canals,  is  now  in  course  of  investigation.) 

"  Ocelli  arc  wanting.  t 
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"  Gonads.  Four  oval  sacs  depeading  into  tbe  (xntj  of  1})« 
subumbreJla  from  the  four  radial  canals. 

"The  above  characters  arc  derived  from  the  examinatioQ  of 
adult  male  specimens,  which  were  freeljr  disdiargiiig  ripe« 
actively  motile  siierraatoKoa. 

"  SpMu*. — C.  SourerHi. 

"  I  name  the  species  in  houour  of  Mr.  Sowerbjr,  who  dis- 
covered it,  aud  to  whose  observatioD  and  courtesy  zoologists  are 
much  indebted.  The  sole  character^  which  I  can  give  as  speciflc 
over  aud  above  the  generic  characters  summariiicd  above,  is  that 
of  size.     Tbe  diameter  of  the  disc  dues  not  exceed  half  an  inch. 

**  Locality. — The  water-lily  tank  in  the  gardcna  of  llie  Bo- 
tanical Society.  Bcgcufs  ParK,  London.  Very  abundant  during 
Jane.  1880.     Probably  introduced  from  tbe  West  Indies." 

Oo  Jane  17tb,  the  same  day  as  that  on  which  the  above 
appeared  in  '  Natuiej'  the  same  organism  was  deaciibed  by  Prof. 
Allman  to  the  Linna»n  Society ;  aud  in  tbe  following  week 
(June  2-lth)  an  article  was  publiahed  by  Prof.  Allman  iu 
*  Nature/  which  was  ao  extension  of  tbe  paper  read  by  him  to 
tbe  Linnoftn  Society,  including  "some  facts,  in.  addition  to 
:tbofte  contained  in  his  original  paper."  Professor  Allman's 
observations  agree  very  closely  with  my  own  reproduced  above, 
Ihoagh  we  dif^r  on  one  or  two  important  points,  and  especially 
on  the  relationship  of  the  new  Medusa  to  Trachomedusx,  on  the 
one  hand,  and  Leptomedu3x  on  tbe  other,  with  which  latter 
poop  Professor  Allman  thinks  it  has  most  atfinily. 

Inasmoeh  as  Professor  .Mlman  gave  his  account  of  the  new 
Ueduaa  at  tbe  Ltnnsean  Society  on  the  same  day  aa  that  on 
which  mine  was  published  in  '  Nature,'  and  on  account  of  the 
regard  which  all  zoologists  must  feel  for  him,  I  propose  as  a 
iBiark  of  respect  to  htm  to  accept  the  generic  name  Limuocodium 
which  he  bestowed  upon  the  new  Medusa  iu  place  of  Craspeda- 
enst«s  which  has  the  right  uf  priority.  At  the  same  time  I  shall 
■Mintain  the  specific  title  '  Sowerbii,*  in  recognition  of  Mr. 
Sowcrby's  discovery  and  bia  valuable  observations  on  the  habits 
»nd  on  the  embryonic  condition  of  this  Medusa. 

Iu  the  following  pages  I  propose  to  describe  a  few  important 
i&cts  relative  to  the  structure  of  Limnocudium,  which  in  my 
judk^metit  suffice  to  establish  its  position  as  one  of  the  Tracho- 
pWiausie,  though  it  is  quite  a  peculiar  form  and  very  possibly  is 
either  the  isolated  representative  of  an  archaic  type  of  that  order, 
or  has  degenerated  in  connection  with  its  exceptional  life-condi- 
tions,  namely,  those  of  fresh  water. 

The  facts  to  which  I  shall  on  the  present  occasion  drawatten* 
tSon,  relate  to  the  structure  of  the  marginal  j\\\i^  of  the  disc,  tlie 
iMCrtiftn  of  the  tenUclc*  ud  tJje  alructuuK  aud  deidtivm.'QA.  ^ 
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the  marginal  bodies,  and  tlieti  capsules  (referred  to  abore  u 
"  aiocyili"  and  "  vdar  csnaU^'].  1  am  also  able  to  give  Mine 
condusire  observations  on  the  embrjontc  condition  of  l>imnooo< 
dinm.  I  have  not,  as  I  bare  the  intention  of  doing  later, 
studied  this  Medusa  by  means  of  sf^ctionn,  but  in  the  living  state 
and  with  the  aid  of  that  invaluable  reagent^  osmic  acid. 

The  accouot  of  the  structure  of  this  Kedusa,  publiahed  hj 
Profcsaor  Allman,  Is  as  follows: 

"The  nwbrella  varies  mach  in  form  with  its  state  of  contrac- 
Uou,  uassiog  from  a  8omewb.it  cuuical  shape  wiib  depreased 
aummit  throngh  figures  mure  or  Ic&s  Iiemispnerical  to  that  of  a 
ahallow  cup  or  even  of  a  nearly  Hat  diac.  Its  out«r  surface  is 
covered  hy  an  epithelium  composed  of  fiatlcned  hexagonal  cells 
with  distinct  and  brilliant  nucleus,  'llie  manubrium  is  Urge; 
it  commences  with  a  quadntc  base,  and  when  extended  projecta 
beyond  the  margin  of  the  umbrella.  The  mouth  is  destitute  of 
tentaclea,  but  is  divided  into  four  lips,  which  are  everted  and 
plicated.  The  endoderm  of  the  manubrium  is  thrown  into  four 
atronglj-marked  longitudinal  plicated  ridges. 

"The  radial  canola  are  four  in  number;  they  originate  each  in 
an  anglf  of  the  quadrate  base  of  the  manubrium,  and  open  dia- 
tally  into  a  wide  circular  canal.  Each  radial  canal  is  aooom- 
panied  by  longitudinal  muscular  Ebres,  which  spread  out  on 
each  side  at  the  junction  of  the  radial  with  the  circular  canal. 

"  The  velum  is  of  inoderaLe  width,  and  the  extreme  margin  of 
the  umbrella  is  thickened  nnd  festooned,  and  loaded  with 
browmsh-yellow  j)igment  cells. 

"The  attachment  of  the  tentacles  is  peculiar.  Instead  of 
being  free  contiiiuiitions  of  the  unibri'tla  margin,  they  arc  given 
off  from  the  outer  surface  of  the  umbrella  at  points  a  little 
above  the  margio.  From  each  of  these  points,  however,  a  ridge 
may  be  traced  eentrifugally  as  far  as  the  thickened  ombrcUa 
mari^n  ;  this  is  caused  by  the  proximate  portion  of  the  tentacle 
being  here  adnate  tu  tho  outer  surfacu  uf  tlu^  umbrella.  It 
holds  exactly  the  poiition  of  tlie  " mantelspangen  "  or  peron'ta^ 
so  well  developed  in  the  whole  of  the  Narcomcdusec  of  Uaeckel, 
and  occurring  also  in  some  genera  of  his  Trachomeduso;}.  Its 
structnie,  however,  diSers  from  that  of  the  true  peronia,  which 
are  merely  lines  of  thread-cells  marking  the  path  travelled  over 
by  the  tentacle  as  the  insertion  of  this  moved  in  the  course  of 
metamorphosis  from  the  margin  of  the  umbrella  to  a  point  at 
some  distance  above  it,  while  iu  Limnocodium  the  ridges  are 
direct  continunLions  of  the  tenUcIes  whose  structure  they  retain. 
They  become  narrower  as  they  approach  the  mar^'n. 

"The  number  of  the  tentacles  is  very  large  in  adult  speci- 
mens.    The  four  tentacles  which  correspond  to  the  directions  of 
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the  four  radifll  caoals  or  the  perraiHal  t^otAcle^  are  the  loogeat 
and  Ihicknt.  Th«  qaadnut  vthkh  iateiTeiicc  between  ever? 
tvD  of  these  carrier,  at  nearlv  the  same  height  above  the  mu^n, 
about  thirtaen  shorter  and  thinner  tcaUdes,  while  between 
cvenr  two  of  ihesc  three  to  five  much  sonlla  tenlaclea  are  given 
off  from  points  nearer  to  the  mar^^n,  and  at  two  or  three  leveta, 
but  withoDt  any  absolute  regnluitir ;  indeed,  in  the  older  ez> 
amulea  all  reeularitVj  eicept  in  the  primarjr  or  perradial  tenta- 
taclc»,  seems  loet,  and  the  law  of  their  aeqaenoe  ceases  to  be 
apparent. 

"  I  could  find  no  iatlioitioo  of  a  cavitr  in  the  tentacles  :  bat 
they  do  not  present  the  peculiar  cjrlJndrieal  chorda<lilte  endodermal 
axis  formed  by  a  series  of  Urge,  clear,  thick-walled  cells  which 
19  80  cbaracteristic  of  the  eolid  tentacles  in  the  Trachomcdusai 
and  NnrcomedtissB.  Prom  the  solid  tentacles  of  these  orders  thej 
differ  alio  in  their  great  crtenribility,  the  four  perradial  tentaclea 
admitting  of  extension  in  the  form  of  long,  greatly  attenuated 
filaments  to  many  times  the  height  of  the  vertical  axis  of  the 
umbr«Ua,  even  when  thi!i  height  is  at  its  maximum ;  and  beins 
ajrain  capable  of  assuming  by  contraction  the  form  of  short  thick 
clubs.  Indeed,  instead  of  presenting  the  comparatively  rigid  and 
imperfectly  contractile  character  which  prevails  among  the  Tra- 
chomcdusa;  and  the  Xarcomeduva:,  they  possess  as  great  a  power 
of  extension  and  contraction  as  may  be  found  in  the  tentacles  of 
many  Leptomeduscc  [Tbaumantidec,  &c.)-  These  four  perradiate 
tentacles  contract  independently  of  the  others,  and  Kem  to  form 
a  different  system.  All  the  tentacles  are  armed  along  their 
length  with  mtnote  thread-cells,  which  are  set  in  close,  aomewhat 
spirally -arranged  warts. 

"The  lithocysts  or  marginal  vesicles  are,  in  adult  siM'cimens, 
about  12^  in  nombcr.  They  are  situated  near  the  nmbrejlar 
uiaigin  of  the  velum,  bc( ween  the  bases  of  the  tentacles,  and  are 
grouped  somcwiiat  irrcgukrly,  so  that  their  number  has  no  dose 
relation  with  that  of  the  tentaclea.  They  consist  of  a  highly 
refringent  spherical  body,  on  which  may  be  usually  seen  one  or 
more  small  nucleus-like  corpuscles,  the  whole  surrounded  by  a 
delicate  transparent  and  structureless  capsnie.  This  capsule  is 
very  remarkable,  for  instead  of  presenting  the  usual  spherical 
form,  it  is  of  an  elongated  pynform  shapo.  Id  its  larger  end  is 
lodged  the  spherical  refringent  body,  and  thence  becomes 
attenuated,  forming  a  long  tubular  tail-like  eitvosion,  which  is 
continaed  into  the  velum,  in  which  it  runs  transversely  towards 
it«  free  margin,  and  there,  after  usually  becoming  more  or  less 
convoluted,  terminates  in  a  blind  extremity. 

The  marf^nal  uerre-ring  can  be  traced  running  round  the 
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whole  mai^in  of  the  umbrella,  and  in  cIoh  relation  viih  tic 
otolitic  cells.     Ocelli  are  not  proeat. 

"  Tbe  generative  skcs  are  borae  on  the  radiatiiig  canaU,  Into 
which  they  open  at  a  short  distaaee  beyond  the  exit  of  these  from 
the  hue  of  tho  manubriam.  They  are  of  an  oval  fonn,  and  from 
their  poiat  of  attachment  to  the  radial  canal  hsoK  down  free  into 
the  cavitv  of  the  umbrella.  Some  of  the  8])<«imeuB  exnmined 
contained  nearly  matarc  ova,  which,  nnder  compreHioQ,  were 
forced  from  the  sac  through  the  radial  canal  luto  tbe  carttj  of 
the  stomach. 

"  While  some  of  the  characters  deKribed  above  point  to  an 
affmity  with  both  the  Trachomedoffc  and  Narcomedusie,  this 
afGnicy  ceases  to  show  itself  iu  the  very  important  morpholo^cal 
element  afforded  by  the  marginal  bodies.  In  both  Trachomedusse 
and  Narcomeduue  the  margitial  bodies  belong  to  the  tencaculai' 
aystem  ;  they  are  mi^tamorpliosed  U^ntaclei)^  and  their  otolite 
colls  are  endodermal,  while  in  the  L^ptomcdnsaCj  the  only  other 
order  of  craspedotal  Medusar  in  which  marginal  vevjcles  occui:, 
these  bodies  are  genetically  derived  from  the  velum.  Now,  id 
Limnocodium  the  maivinal  vesicles  seem  to  be  as  truly  velar  u 
in  the  Leptowedueec.  They  occor  on  tbe  lower  or  abumbral  side 
of  the  velum,  close  to  its  insertion  into  tbe  umbntlla^  and  the 
tubular  extension  of  their  capsule  runs  along  this  side  to  the  free 
margin  of  the  velum,  while  tbe  delicate  epithelium  of  the 
abumbral  side  passes  over  them  as  in  the  Leptomeduss.  It  it 
true  that  this  point  cannot  be  regarded  as  settled  until  an  oppor- 
tunity of  tracing  the  development  is  afforded  j  but  in  very  young 
Bpecimens  which  I  examined  I  found  nothing  opposed  to  the  viev 
that  the  marginal  vesicles  were  derived,  like  those  of  the  Lepto- 
mcdusen,  from  the  vflum. 

"  If  this  be  the  case  Limnocodium  will  hold  a  position  ialer- 
mediate  between  the  Leptomeduste  and  the  Trachomedusie;  but 
aa  the  greatest  systematic  importance  must  be  attached  to  the 
structure  and  origin  of  the  marginal  vesiclex.its  affinity  with  tbe 
Leptomedusoe  must  be  regarded  as  the  closer  of  the  two." 

It  will  be  observed  that,  in  opposition  to  the  results  which  I 
had  published  in  tbe  previous  week,  Profi'Sfior  Allman  holds 
that  the  structures  which  I  had  identified  with  the  *'pcronia" 
(tentacle- rivets  or  Mantelspangen)  of  Trachyline  Meausw  art 
not  "trueperonia  ;  "  further,  that  the  tentacles,  though  sol  id,  do 
not  present  "  the  chorda-likf!  endodcrmal  axis  "  characteristic  of 
Trachomcdiisffi  and  N-ircomedussc,  and  lastly,  that  the  otolite 
cells  are  not  eudodermal,  as  in  Trachyline  Medusn^j  but  are  de- 
rived from  the  octodenn  of  the  velum,  as  in  Leptomedusec,  and 
on  this  ground  especially  he  holds  that  the  afBnity  of  tho  new 


^«.  9. — iMmotuiiMm  Sovtriii.  wiih  rtIrovcrt«d  disc.  __  _,,__,-.,. 
ring ;  MC.  nari^nal  canal ;  «<•,  ndinJ  c«ul ;  Si.  ttota^h-ha  ZS,^\ 
*V.  velum     M.„M^  fl,^  Hi.m-t.«  ^^° '  ""•  B»"a  S 


/V,  vcluB.    H«ciii&ed  fire  duoieten. 


US,   margi: 


8« 


TROFESBOB  ■.  KAT  L49IKESTn. 


af  the 


peronia 


sod 


points,  aud  first  of  all  discuss  the  structure 
tentacles. 

Ifaicti-eye  appearance*. — When  the  Medttsa  is  seen  awim- 
ming  iu  the  watrr,  the  observer  is  at  once  struck  by  the  mautm 
in  which  the  leutacles  are  carried.  Thoagh  tiicy  can  be  de- 
pressed and  directed  tu*ardii  the  subumbrcUa  surface,  they 
are,  as  a  rule^  carried  nearly  at  right  angles  to  the  horijcoiiUl 
pUne  of  the  disc  and  directed  upirards.  This  cnrriage  of  tlu 
tentacles  is  more  portictdarly  noticeable  when  the  Medusa  is  at 
rest  after  a  c«rt«iii  number  of  pulsations,  bat  is  also  seen  be- 
tween eacli  one  of  a  scries  of  pulsations.  An  op&qnc  crenated 
line  along  the  margin  of  the  disc  (fig.  1,  MR,)  is  very  readily 
observed,  even  without  any  magnifying  glass.  This  line  is  the 
marginal  ring,  consisting  extemttlty  of  ectoderm  cells  charged 
with  thread-ttlls,  and  more  deeply  strengthened  and  supported 
by  the  thickened  vail  of  the  marginal  or  ring  canal,  the  endo- 
dcrro  cells  of  which  are  converted  into  a  cartilaginoid  tiesuc, 
having  a  yellowish- green  tint  when  teen  by  transmitted  light 
with  the  microscope.  These  yellowish  cartilaginoid  cells  have 
led  Professor  Allman  to  speak  of  the  margin  of  the  disc  as  being 
"loaded  with  brownish-yellow  pigment-cells.'* 

The  lo-yer  of  thread-cells  along  the  margin  of  the  disc,  although 
not  bulky  in  this  small  form,  yet  undouhtedly  corresponds  to  the 
"octlle-riug"  {Xesselriug)  of  the  typical  Tracliylinc  Meduste, 
whilst  the  subjacent  cartilaginoid  tissne  corresponds  to  the  "ring- 
cartilage  "  (Ringknorpel)  of  the  same  group. 

The  crenations  or  centripetal  projections  of  the  opaque  mar- 
ginal ring  are  in  relation  to  the  insertions  of  the  tentacles. 
They  have  the  aame  superficial  structure  as  the  soperficics  of  the 
ring  itself,  and,  so  far  as  any  definition  can  he  given  to  the  term 
"  peronium,"  the  centripetal  prolongationB  of  the  nettk-riag 
parsing  from  that  structure  to  the  point  where  a  tentacle  >pruHlH 
from  the  dt»c,  are  entitled  to  the  name.  Below  the  peronia  ^H 
fiiiid  in  each  oaBe  an  exteusioii  of  the  peculiarly  modified  endo- 
dermnl  cartili^inoid  tissue  of  the  ring-canal,  which  passes  with 
rapid  gradation  into  the  cartilaginoid  tissue  of  the  tentacle- 
root. 

The  power  of  contraction  and  expansion  possessed  by  the  ten- 
tacles is  no  doubt,  as  Professor  AUman  has  pointed  out,  greater 
than  that  powcsscd  by  the  mo?t  bighiy  ditferentinted  of  the 
Trachyliiie  Mcdupfc.  At  the  same  time  the  stiff  erect  curriage 
to  which  I  have  nltuded,  is  quite  unlike  anything  seen  in  Lcpto- 
medusiEj  and  as  I  shall  point  out  helow  the  solid  axis  of  the 
tentacles,  thongh  not  so  firm  a  tissue  as  the  corresponding  tisane 
of  Cunina,  is  very  appropriately  duocribed  by  Ihp  trrin  "csrlila* 
giaoid,"  and  more  distinctly  resembles  "notochordal  ti«suo" 
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thu  doea  the  snigle  row  of  thickened  oelU  which  is  foanil  in  the 
Uncer  ud  tjrpieal  TnchvIiBe  Medane. 

The  woodeat  (Gg.  i)  repraenti  the  Medusa  io  in  attitude 
which  it  not  anfrequentlr  uramea  wh«i  bc  the  hottotn  of  the 
vewel  in  which  it  is  confined.  When  this  retrarenion  of  the 
disc  is  effected,  the  velom  may  take  the  poAJtion  of  i  h«nd  ex- 
ternal to  the  margin  of  the  retroverted  disc,  or  mav  also  be 
retroverted,  ai  in  the  fi-^ure.  Id  this  ca«e  the  teDtad'aa  are  aU 
more  or  lea  ooooealed  in  the  concarit;  of  the  retrorerted  dbci 
and  accordinglj  I  hare  not  reiiresented  them  in  the  figare  at  all. 
Wben  in  this  position  the  Mtdusa  supfiorts  iteeif  ou  the  manu- 
brium at  a  iiaik,  exerting  a  feeble  adhesive  action  b;  meaua  of 
theqoadhfid  lobes  of  the  oral  aperture. 

Tim  figure  also  serrcei  to  show  the  position  and  form  of  the 
goaada  (Ga)  on  the  radiating  canals,  which  arc  omitted  in 
figare  1. 


I 


Fio.  3,— Uiaitnua  of  naf^in  of  llkc  due  to  kliow  t«nUclfia  &nd  miirgituJ 
riag.    itii,wmjpialr\agi  73-,  tentade«iii;  TV,  tentule-root. 

Imaeriion  of  tie  lentacie$. — The  tentacles  do  not  ariae  from 
the  e^  of  the  disc,  bat  in  three  more  or  lesa  distinct  tiers, 
indicating  a  reUtirt  centripetal  movement  of  the  tentacles 
during  the  growth  of  the  disc,  as  in  manv  Tracb^line  Medusce. 

The  four  perrsdial  tentaclra  are  furtnist  from  tlie  marginal 
ring  and  iheir  free  portion  rises  from  the  jelly-iikc  convex  surface 
of  IticdisG  at  some  diatance  from  the  margin.  At  the  same  time 
the  cartilaginoid  axis  of  the  tentacles  ia  continued  beneath  the 
ectodermal  tUaues  centrifugallr  towards  the  cartilaginoid  »nb- 
sUoce  of  the  marginal  ring,  rt  ia  this  structural  arrangement 
which  favours  the  peculiar  vertical  carriage  of  the  tentAcles, 
since  if  the;  are  to  be  directed  downwards  towards  the  mouth 
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0  coasiderabic  flexure  of  the  cartUaginoid  axis  at  the  poiot 
where  its  free  and  inntrtcd  |iortions  unite,  becomes  Qecessary. 

This  is  shoira  in  tha  diagram  woodcut,  figure  3^  vhrrc  tenta- 
cles of  three  horizons  are  shown  beat  tnouthn'Br<]s  bj  the 
presaare  of  the  cover-glass.  The  recurved  axis-roots  (/r)  of  the 
[wo  lar^r  tentacles  are  seen  by  transparency  through  the 
aubstoDce  of  Lh«  disc  pnssiug  towards  the  miugin,  where  they 
become  oontinaous  with  the  centripetal  upgrowths  of  the  liseoe 
of  the  marginal  ring  (MR). 

The  smaller  tentatues  spring  almost  directlj  from  the  mar- 
ginal rinp,  and  have  therefore  no  length  of  nsial  root.  This 
enables  the  smnll  (which  are  the  younger)  tentarles  to  assotne 
more  readily  the  dependent  mouthwardly  directed  curia^; 
they  are  not  mechanically  directed  into  the  vertical  npri^ 
position  by  the  elasticity  of  a  vertical  axial  root. 

liuue  of  the  ntttle-ring  and  peroma,  aud  of  tie  cartil-a^ 
ring  and  tent-acle- roots. — In  order  to  obtain  a  patisfactory  view 
of  these  stmctunM  with  the  microscope,  it  is  necessary  to  get 
the  margin  of  the  disc  in  such  a  position  when  prepared  for 
cxaioiuotion  that  the  optical  plane  is  tangeuttiil  to  the  conctre 
snrfacG  of  the  disc,  under  these  circumstances  such  a  view  as 
that  drawn  in  i'l.  XXX,  tig.  -1,  may  be  obtained.  This  rt- 
prcsL-nt'i  the  part  as  seen  from  the  supraumbrellar  surface.  In 
PI.  XXX,  fig.  5,  1  have  represented  the  same  parts  seen  with 
a  deeper  focussing,  the  optical  plane  now  passing  near  to  the 
Bubombrelk  surface. 

The  surface  of  the  marginal  ring  and  peronia  Is  seen  to  oe 
formed  by  a  continuation  of  the  large-celled  ectodermal  ti^ae 
of  the  eupraumbrellar  surface,  but  the  cells  which  constitute 
it  differ  from  those  of  the  general  surface  in  being  loaded  with 
thread-ceils.  The  continuous  marginal  ring  of  nettle-cells  thus 
constituted  ia  entitled  to  the  name  of  "nettle-ring,"  though  it  b 
only  one  cell  deep  and  does  not  exhibit  the  marked  speciaUsalioD 
and  thickening  observed  in  some  Trachoinedusie  and  Karcome- 
dusBc.  It  may  he  regarded  as  a  rudimentary  condition  of  the 
structure  which  is  more  highly  developed  in  other  TrachjUw 
Mcduste. 

The  same  simple  but,  as  it  appcirs  to  me,  distinct  charaeto'i 
is  exhibited  by  the  prolongation  of  this  netlle-ring  centripetallj 
towards  the  point  wLctc  the  tcnluck  becomes  fnc  of  the  diae. 
The  ma33e3  of  thread-cella  forming  these  little  "  peronia"  are  not 
merely  due  to  the  cunliauation  of  the  character  of  the  cctodenn 
cells  wiiich  clollie  IhL*  fn*  portion  of  t!ic  tentacle.  For  the  fint 
portion  of  the  free  part  of  the  tentacle  is  almost  devoid  of  tbrtid 
ceils. 

It  ia  not  &  Jittlc  difllcnlt,  on  a  (Inat  examination  of  this  regimi, 
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to  separate  the  8Uper5cial  ectodermal  ccU.s  with  their  refringent 
ueatatoc>-slii  (tbread-ceilsj  from  the  immediately'  i^ubjac<:nt  tissue, 
the  ceils  of  which  bare  a  jrellowish-i^reeD  tint,  and  an'  also  some- 
what rcAingeat. 

By  canfnl  focasaing  this  diflicalt]'  ia  overcome,  and  it  is  then 
found  that  beneath  the  ncttle.ring  b  a  peculiar  tiuucj  which 
forms  the  abumbral  wail  of  the  marginal  canal  (PI.  XXX, 
fig.  5). 

The  margmal  canal  itaelf  is  wide,  and  capable  of  distension  on 
its  abumbral  side,  where  the  wall  is  formed  bv  cells  of  a  verjr 
different  character  from  that  of  those  which  underlie  the  nettlc- 
ring.  In  fig.  i>  the  superior  wall  of  the  ranrginal  canal  {3fGi)  is 
seen  in  section,  shouiug  the  peculiar  soft  clear  (ciliated)  cells 
containing  jellowish-green  granules,  by  which  it  is  here  lined 
iDtcnallj.  The  modified  cartilaginoid  cells  of  the  abumbral 
wall  are  limited  in/eriorff  (i.  e.  taking  the  mouth  as  indicating 
the  inferior  surface  of  the  organism)  by  a  strongly- marked  row 
of  quadrate  cells,  which  form  a  slight  ridge,  and  art?  e^peciallr 
observable   by    Uieir  complete  and  uniform  pigtiii-utatiun    (Pi. 

PXXX.  fie.  3  FMC,  6g.  l  VMC,  fig.  5  JfQ))—y  olio  wish  grcon  or 
greenish  brown.  These  cells  form  a  dark  line,  which  can  always 
be  rwM^nised  along  the  insertion  of  the  velum,  aiul  accordingly 
I  distinguish  them  as  vclo-mnrginai  endoderm. 

The  relations  of  these  parts  are  exhibited,  in  a  dingrammalic 
form,  in  PI.  XXX,  fig.  3.  A  comparison  of  Hits  figure,  with 
the  surface  view  and  the  optical  section,  will,  I  hope,  serve  to 
make  the  structure  compn-heusiblc. 

Tlic  true  character  or  tho  tissue  formed  by  the  endodermnl 
cells  of  the  abumbral  wall  of  the  marginal  canal  is  best  appre- 
ciated by  tracing  the  gradual  traufiition  of  the  tentacle  root  inio 
thid  tisBue, 

The  axis  of  the  tentacle  is  formed  by  ciito)da8tic  cartilage 
cells,  that  ia  to  say,  cells  the  protoplasm  uf  which  undergoes 
ft.  cartilaginoid  metamorphosis  mtAin  the  cell  area,  as  iu 
the  notochord  of  Vertebrata. 

The  tissue  very  closely  resembles  that  of  the  notochord  of  a 
young  Lamprey.  It  differs  in  the  smaller  density  of  the  cartila- 
ginous deposit,  as  also  in  the  greater  abundance  of  the  cells, 
from  that  of  typical  Traohylinn  Mcdupo;,  and  resembles  that  of 
the  solid  tentacles  of  many  hydroid  polyps.  At  the  same  time 
there  can  be  no  question  that  these  teutaeles  more  closely 
rcaemble  those  of  Trachomedusa;  than  they  do  those  of  Lepto- 
meduss,  since  in  all  Lcptomedustc  the  tentacles  are  holhur, 
whilst  ill  Trachomcdusie  the  tcutades  arc  very  usually  solid,  as 
they  are  here. 

fa.  that  part  of  the  tentacle  axis  which  is  plunged  iu  the  disc. 
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niid  which  is  csUed  "tentacle  root/'  we  find  the  same  luge  oeQa 
as  those  in  the  axis  of  the  free  part. 

The  root  at  first  expancts  a  tittle  at  it«  insertioD  into  the  dne, 
but  tapera  as  it  afiproociim  thi^  wail  of  the  marginal  canal,  and 
becomes  rounded  off  (see  PI.  XXX,  fig.  5  Tw,  and  voodcut, 
fig.  3).  Tiiere  is,  however,  no  disco iitiau it;  of  Lhc  tissue  where 
the  tentacle  root  ceases  and  the  marginal  ring  commences,  but 
rather  a  verr  rapid  transition  or  change  in  the  form  of  the  en- 
dodermal  cells,  which  equalljr  constitute  the  tentacle  axis  and 
Ihfl  marginal  cartihif^  ring. 

The  cells,  in  fact,  diminish  very  much  in  size  whilst  exhibit- 
ing a  characteristic  polygonal  form  (PI.  XXX,  fig.  6).  In 
place  of  the  lai^  vacuoles  filled  with  gelatinous  sabstuice  which 
are  presented  by  the  large  cells  of  the  tentacle-axis,  we  find, 
within  the  small  polygonal  cells,  block-Hke  deposits,  one  or  two 
tu  a  cell,  of  a  pale  greenish  tint  and  homogeneous  structure. 
The  greenish  colour  ofthe  contents  of  these  cells  shows  through 
the  superficial  ectoderm  cells,  and  gives  the  whole  "  mai^nal 
ring"  a  greenish-vellow  appearance.  It  is  most  strongly  de- 
veloped in  the  veto- marginal  cells  which  form  an  inferior  limit 
to  these  modified  endodermal  cells  of  the  riag-caual's  wall. 

It  cannot  be  disputed  that  in  the  character  of  these  cells,  ai 
compared  with  those  of  the  adambralwall  of  the  mar^iiuU  canal 
fPl.  XXX,  fig.  7),  we  have  a  verv  well-marked  distinction. 
These  adnmbral  cells  nre  metamorphosed  by  the  intracellular 
deposit  of  a  homogeneous  greenish  .sub:<lance,  so  as  to  form  a 
sort  of  cartilBginoua  tissue,  which  acts  the  part  of  and  morpho- 
logically represents  the  "cartilage-ring"  of  higher  Trachyline 
Medoste.  In  order  to  appreciate  their  special  character^  it  is 
only  necessary  to  compare  them  with  tlie  lining  oella  of  the 
adumbral  wall  of  the  margin.il  canal  (PI.  XXX,  fig.  7). 

I  am  not  able  at  present  to  state  definitely  whether  the  simple 
rudimentary  cartilage-riDg  of  our  Medusa  is  the  acluai  limiting 
wall  of  the  ring-canal,  or  whether  a  second  layer  of  endoderm 
cells  exists  deeper  than  it,  and  actually  bounding  the  cavity  of 
the  ring-canal. 

This  que-stion  I  hope  to  decide  by  the  preparation  of  sections. 

Comparison  of  the  arrangement  of  tie  (muei  of  (■he  marginal 
ring  and  teriiade  root  with  those  of  typical  Trarhyiine  MeJusa, 
and  vfitli  structure*  found  in  the  Leplomedtua. — If  we  compile 
with  what  has  just  been  described  the  arrangement  of  the  homo- 
logous parts  in  such  a  Trachyhne  Medusie  as  Cunina,  we  find 
very  considerable  difTerencea,  which,  however,  appear  to  me  to  be 
differences  of  degree,  our  new  Medusa  exhibiting  in  a  simple  fom 

'  Cells  of  the  Hame  cb&ractrr  a^  tbose  of  tiie  endoderm  of  the  margiul 
jxag  occur  in  parti  of  tba  stoniMli-wall. 
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cuDditioDB,  which  arc  highly  specialised  and  developed  in  such 
forms  u  Cunina. 

lu  thefint  pUce  the  t«DtacIe-rooU  of  Cauina,  iiiitead  of  dhm- 
;  iog  c«utfifiieaUf  towards  lbs  margiD  of  Lbe  disc,  have  ratlier  a 
ccutripetal  direction.  This  i«  limply  due  to  the  fact  Ibat  the 
margiuol  ring  and  it«  tissues  arc  so  largely  developed  as  to  push 
the  tentacle  root  tovaida  the  centre  of  the  disc;  and  i^  not  a 
difference  of  a  fundamental  character. 

Further,  the  cartilage  of  the  ring  is  much  more  largely  de- 
'  Teloped  in  Cimina  than  in  the  new  Medusa,  and  acquires  the  im- 
portance of  a  vell^marlced  skeletal  ring,  which  it  is  only  (ax  it 
werej  beginning  to  assome  in  LimDOCodium.  The  same  spe- 
cialiaatioo  of  the  nettle-rlng  and  of  the  peronia  is  observable  in 
Caninn  as  compared  with  Limnocodium,  but  docs  not  invalidate 
the  daim  of  the  simpler  structures  found  in  the  latter  to  re- 
cognition. 

It  appears  exceedingly  probable  that  the  Trachytine  Mednste 
are  the  modified  descendanls  of  such  simpler  forms  u  the  Lep- 
tomeduHB,  and  if  we  search  amongst  the  latter  for  conditions 
approaching  those  exhibited  by  the  tentacle-roots  and  marginal 
nng  so  fteqnent  among  the  former,  the  nearest  case  which  we 
can  find  is  that  of  the  genus  Laodice,  one  of  the  Thaumantidse 
of  Haeckel's  system.  Here  the  t<jiilacle*  do  not  spring  from  the 
jsargiii  of  the  disc  freely,  but  from  the  convei  surface  of  the 
disc,  the  axis  of  the  tentacle  bdng  prolonged  as  a  root  to  join 
the  vail  of  the  mai^nal  canal,  <n-hich  has  a  eartilaginoid  cha- 
racter. Nevertheless,  iu  Laodice  the  tentacles  are  hollow,  and 
there  does  not  app^r  to  be  any  structure  corresponding  to  peronia. 

From  the  consideration  of  the  characters  of  the  tentacles 
and  marginal  ring  alone,  I  think  that  we  should  be  led  to  the 
coDclusioD  that  Limnocodium  is  a  representative  of  the  Tracho- 
meduBiF  in  an  early  or  archaic  phrase  of  difftrmtiation,  already 
distinctively  Trachomedusan,  but  not  far  advanced  on  that  path. 

We  have  next  to  oee  what  indications  a  closer  examination  of 
the  marginal  bodies  (otocysts)  may  give  un,  and  we  shall  find 
that  they  confirm  very  distinctly  the  conclusion  already  eouiiciited. 

Development  nj  the  m/irffinal  bodiet. — The  marginal  hoilirji  of 
Limnooodium  vary  in  number,  as  do  the  tentacles,  according  to 
the  sise  of  the  specimeos  examined.  I  have  teen  as  few  as  hfty 
in  specimens  measuring  one  third  of  an  inch  across  the  disc,  and 
hi  many  as  120  in  larger  specimens.  Even  in  large  specimens 
the  marginal  bodies  are  cootioually  being  developed,  to  that 
there  is  no  difficulty  in  obtaining  that  "opportunity  for  tracing 
the  development"  which  Professor  Allman  has  stated  to  be 
desirable. 

The  maj^'nal  bodies  consist  of  a  spherical  refriagvnt  body 
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areraging  TTttirs*^  of  ^^  iQch  in  diameter,  CDcloKd  in 
nloiicated  tubular  capsule.     The  rerriDgent  body  is  situat^^  st 

the  line  of  junction  of  the  velum  with  tw  marginal  ring,  within 
the  slightly  enlarged  termination  of  the  tubular  cnpsnle. 

The  tubular  capsule  a  continued  thence  radially  to  the 
extreme  uiargin  of  the  velum,  whence  I  have  termed  lhe»« 
capsules  "velar  canals"  (PI.  XXX,  fig.  1). 

The  rcfringent  body  belongs  essentially  to  the  abumbral  side 
of  [lie  velum— that  wliich  is  adjacent  lo  the  tentacles — &s  will  be 
described  below,  whilst  the  capsule  is  entirely  formed  by  the 
ectodermal  cells  of  the  abumbral  surface  of  the  velam. 

The  refringeut  bodies  anA  their  capsules  form  intermptiona  in 
a  cellular  band  of  thickened  ectodermal  tissue,  which  ruus  along 
the  line  of  junction  of  the  velum  and  disc  peripherally  to  the 
strongly -coloured  velo-marginal  cells  of  the  cndoderm  of  the 
marginal  ring. 

'Ihe  appearance  of  this  ring  of  transparent,  colon  riess  cells, 
and  the  relation  of  the  marginal  bodies  and  their  capsules  to  it, 
is  seen  in  PI.  XXX,  fig.  5,  x.  The  transparent  ring  (x)  is 
undoubtedly  the  representative  of  Lhc  abumornl  nerve-ring  of 
other  llydromeduste;  but  I  have  not  yet  made  (hat  special  his- 
tological ?tudy  of  its  elements  which  would  enable  me  to  say 
how  much  of  thi^  ring  is  to  be  regarded  a«  nervous  tissue,  and 
how  much  is  uii specialised  ectoderm. 

The  tubular  capsuirs  of  the  marginal  bodies  ore  often  to  be 
found  in  .in  incomplete  state  of  novclopment,  and  it  is  thw 
possible  It)  oboervu  the  proccBS  by  which  they  increase  in  length, 
80  ns  to  reach  finally  the  edge  of  ti;e  velum.  The  tubnlar  cap- 
sules occupy  a  position  between  the  obumbrnl  aud  adumbral 
ectoderm  layers  which  constitute  the  velum,  and  they  actually 
stand  out  on  the  abumbral  surface  of  Ihcvdum  as  ridges  raising 
up  the  abumbral  ectoderm  of  the  velum,  and  separating  it  en- 
tirely from  the  adumbral  ectoderm  in  Oib  form  of  a  delicate 
membrane.  This  is  well  seen  when  tlie  velum  is  folded  on 
itself,  as  not  nnfrcfjucntly  happens  when  a  specimen  of  the 
Medusa  in  placed  beneath  a  cover  glass,  as  ehowu  in  PI.  XXX, 
fig.  2. 

If  the  tubular  capsules  bv  now  carefully  studied  it  i»  not 
dillicult  to  make  out  that  thoy  iiicrejisc  in  length,  noi  by  the 
simple  growth  of  the  already  existing  capsule,  but.  by  fie  /turn 
with  the  captuU  of  vncuolaied  celU  Motiving  i-o  the  abHixbral 
(aytr  of  Ike  velum  (fig,  li  vae). 

The  vactiolated  cells  of  the  abumbral  ectoderm  kyec  of  the 
velum  may  be  seen  in  various  reuions  of  the  velum,  ready,  as  it 
were,  lo  fuse  with  the  capsules,  snonhl  their  growth  favour  such 
an  occurrence.    The  tendency  to  fuse  on  the  part  of  the  cap- 
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u  indicated  ia  a  nrr  phoKMneaoD,  ohtemA  hj  b^ 
Etani  (Ur.  Bourae),  tumd/,  the  fdnon  of  iKiglAoKriM 
tubular  capsdes,  an  instance  of  which  is  shorn  ia  PL  XXX, 
fig.  l. 

Defarmitiea  and  afoooniuliLies  of  nun;  kinds  are  not  untn- 
qnent  in  the  capsules,  the  marginal  bodim  Ihanadra,  an)  tke 
tenUde*.  Hie  vacuoUled  cells  of  the  abnabcal  reUr  Mr&oe 
appear  to  stand  oat  from  the  stratom  in  vhich  the;  originallj  lay, 
sometimes  to  form  separate  vrsieuli,  which  mar  or  majr  not 
witb  the  groviog  capsule  of  the  refrioffcnt  bod;. 

The  adombral  ectoderm  is  comjilele  and  continooin  hemttUk 
ibe  tabular  capsules,  its  circular  muscular  fibrils  being  ifweable 
in  ever;  part  beneath  (thit  is,  on  the  adnmbral  suruce  of)  t)ie 
tabular  capfules  (see  Pi.  XXX,  6g.  2  mtuc). 

The  derelopmcnt  of  the  velar  canals  or  tubular  capsules  of 
the  marginal  oodies  is,  then,  shown  to  be  due  to  the  tosion  of 
vacnolated  cells  of  the  abambral  ectoderm  of  the  velum. 

It  remaiiu  to  be  shown  what  is  the  first  origin  of  the  capsnle 
and  of  ibt;  refniigvnt  bud;  itself. 

In  PI.  XXXI,  figs.  10  to  20,  I  have  represented  a  number  of 
stages  in  the  (JcvrJopment  of  the  refringent  t>odv,  and  it  is  perhaps 
aa  well  at  ouce  to  sa;  that  the  /efringent  bod;  is  nothing  more 
nor  leas  than  a  modified  solid  tentacle.  It  consists  in  the  fiillj 
formed  state  of  a  number  of  cortical  cells  enclosing  four,  six,  or 
eight  large  refriugeut  ceil*  (PI.  XXXI,  fig*.  10,  llj .  The  cortical 
cefls  eorreapond  tu  the  ectoderm  of  a  tentacle,  and  the  medul- 
lar; rcfn'ngent  cells  to  the  endodermal  axis  of  a  tcnucle,  the 
whole  gmap  of  cells  being  tightlv  pressed  together  to  as  to  form 
a  sphertc&l  rrfrtngent  body.  The  cortical  as  well  as  the  medul- 
lary cclU  of  the  free  hemisphere  of  the  body  are  highly  rcfringeot. 

There  is  not  in  the  n-fringeut  bod;  of  LimnocoJium  any 
aeparafe  concretion,  any  otoiilh  in  the  atr'tet  tenw  of  iAe  term. 
The  whole  structure  is  purely  ccllolaT,  and  oonsiata  entirely  of 
nucleated  cells  which  can  be  isolated  and  recognised  as  distinct 
cell  elements  by  means  of  reagents. 

In  this  respect  the  refriugent  body  of  the  new  KedosA  appears 
to  differ  from  anv  previously  described  oigau  of  the  kind. 
Certainly  it  diflera  entirely  from  any  mai^inal  body  either  of 
Leptomedusae  or  of  Trachylinr  Mcdusm  described  by  ihe 
Hertwigs  in  their  recent  work  '  Nervcnsystem  der  Mcilu^cii.' 
There  seems  very  small  juslificalion  for  regarding  the  refringent 
body  ut*  LImuocodium  as  an  auditory  organ  »!  all.  It  consists 
simply  and  solely  of  nucleati^  cells,  the  aubstaneeof  which  is  of 
a  higlil;  refringent  nature.  "  Refringent  bulbs ''  would  be  n 
sufficiently  appropriate  name  for  these  bodies.  The  cells  which 
cormpond  to  the  tentacle  ectoderm,  and  which  i  terra  "corticnl 
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cell«/'  ore  rery  delicate,  ofteD  much  8tn>tched  and  trati&Iuoeiit, 
bol  ia  or<ler,  as  it  vere,  to  fiH  up  the  interstice*  of  the  ^pherictl 
irnat,  tLey  are  sometime*  enlarged  in  places  and  refringent  like 
Uie  meduUarjr  cell?. 

The  cortical  cells  are,  however,  nerer  to  ijistiactively  modified 
as  the  medullary  celU.  There  is  a  peculiar  brownish  colour  and  t 
refringeni  appearance  about  the  medullary  cell?,  t-spccially  after 
treatmeat  with  osmic  acid,  which  is  not  to  be  noticed  in  the 
cortical  cells. 

The  medullary  celle  sometimes  contain  one  or  two  greenish* 
yellow  granules  (figs.  S,  and  15  yr),  which  are  identical  in  ap- 
pearance with  tlie  Krimutes  found  in  the  endoderm  cells  of  the 
mtrf,'inal  ring  canal/r&Mi  kAicA  ihrif  are  derived. 

By  searchinj;  along  the  velo- marginal  lin>!  it  is  easy  in  some 
specimens  to  find  refringent  bodies  and  their  capsules  in  all 
stages  of  development.  The  earlic-st  indicntion  which  1  h&fe 
obtained  of  this  development  is  a  prolrnsion  of  the  cndo<Jcnnic 
cells  of  the  murginal  canal  into  the  ring  or  band  (^)  of  colourless 
cells,  which  k  ectodermal  in  origin,  and  probably  to  r  large 
extent  nervous  in  charactfr.  This  protruaion  (PL  XXXI.figs.  12, 
IS),  lifts  the  ectodcrmul  tissue  in  front  of  it,  and  tme  of  the  in- 
growing endoderiual  cells  enlarges  and  becomes  highly  charged 
with  fine  granules,  and  sometimes  with  coarser,  grcen-colonrcd 
granules  also.  As  fju-  a?  I  hiivi-  been  ablr  to  aiscertain,  this  enlarged 
endodermal  cell,  which  freqm-nily  is  colour<-J  like  the  uiher  endo- 
dermal  cells  of  the  ring-canal,  is  the  mother-ccli,  from  which  the 
axial  or  medullary  cells  of  the  refriogent  body  are  de«'eLopcd  (see 
PI.  XXX,  figs.  ri>,  17,  lH,axen].  The  ectodermal  ti^ue  into  which 
this  eclated  cell  has  protruded  now  grows  around  it  in  a  very  re- 
markable way.  In  some  cases  it  seems  to  form  at  first  a  complete 
investment  of  small  cells— the  cortical  layer — enclosing  the  en- 
doderma!  medullary  cell,  But  this  appcara  from  such  a  con- 
dition as  that  represented  in  1*1.  XXXI,  lig.  14,  not  to  be  the 
actual  mode  of  growtli.  Tlie  ectodermic  layer,  pushed  forward  by 
the  axial  outgrowth  of  endoderfai,  arranges  itself  in  such  a  way  as 
to  forma  cortical  layer  to  the  meduUarv  cell,  and  at  the  same 
time  a  capsule  embracitig  the  central  hutly  formed  by  these  two 
sets  of  ceils  (see  PI.  XXXI,  figs.  15,  16).  From  henceforth  the 
medullary  cell  has  mtrely  to  divide  and  give  rise  to  the  four  or 
eight  highly  refringent  medullary  cells  of  the  fully-formed  re- 
fringent  bodvj  and  the  capsule  has  only  to  expand  and  increase 
its  area  by  the  agglutination  of  vacuolated  ectoderm  cells  in  the 
manner  described  above. 

The  ectodermio  cortical  investment  of  the  highly  refringent 
oentral  or  medullary  celts  of  the  luargiiial  body  is  complete; 
t}ie  endodcrmic  medullary  cells  are  entirely  cut  off  from  their 
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•ttt  of  oi^hi;  bal  the  oofftial  cdb  Nri  wfm^timmti  Ae 
tntwptnat  oMtfiiMl  mg  r.  mi  law  hbc  kaJ  «f  Uto^avt 
totlikt  nng,  dm^  I  am  aoC  able  to  paiat  aat  mw  MhIk 
nerre-fibm.  Hal  the  illei^^ial  ■  ^mj ^^M  m  Aiau  h* 
thefict  that  wetMea  a  Mg^l  tajty  ^rfg  lfcaJy)W 
comes  bnkes  i^  bam  it*  scat  «f  angi^  ibJ  Ui  nt*  Uk 
(ubular  o^mle.  I  km  aei  aftfc  aack  a  JetteheJ  lefciagiua 
Ibodf  cDCMaed  ta  a  ooaetrietioa  of  tbe  pctiBbenl  nliiMJii  af  a 
capsular  tobe  (FL  XXXI,  fa.  20).  Tkb  detac^cJ  i  liiiu  ■! 
bodj  vai  raaaikaUe  for  ibe  bet  tkat  it  M  --A  .yi  n  ab. 
Dormal  deTetoppent,  aod  was  aetaaDj  a  tft$  wiA  §■  iahml 
cavil^,  into  w&kb  fnjttttd  the  lai^  nfriagart  cdb,  vidit  it 
was  cloihad  exlereaSi  bv  the  coftiad  erik. 

That  the  icfriafeBi  bodiea  ia  theaadret,  uieat«<ii>  «f  the 
Itnbiilar  capeok*,  oonopond  ■or^olopeally  to  solid  Icatacfaa 
pa  proved  bj  an  oceanoaal  afa^pnaiity.  la  pbee  o£  a  amal 
befriiigcDt  bodjr  I  ba*e  tamad  lartly  a  tcalade-lfte  ho^  oae  of 
prbid)  is  dnvB  in  PI.  XXXI,  fig.  1».  Tlia  wrntH  laatefe  w« 
Sa  exactly  the  eame  po«ttnn  as  a  iifrlageat  badj-.  It  b  aeea  to 
hare  in  ita  axil  ooe  large  aod  apyafcatk  two  laaDcr  graanlar 
■Us  nmiUr  to  those  vbich  an  pratniM  traa  the  endodrra  of 
le  nng-caoal  to  form  tbe  Bcnallanr  eeUa  of  the  aoraul  re- 
ingcDt  bod;.  Ai  tbe  nmc  time  tbe  edodcnB  vUcb  dothea 
tbese  axial  cells  it  bee  and  lupeifictal.  lartead  of  fofdag  a 
\p»ule,  the  rctodena  cells  have  stmplj  inTcated  the  axial  gnvth 
'  er  do  in  the  case  of  a  tqitadc. 

ber,  I  have  observed  aootber  abDonnalit;  of  an  exactly 
leBvntary  character,  namelj^  tbe  commencrinent  of  the 
lobular  ectodermal  capSQit  vitboot  any  refringetit  bodj  to  oc- 
cupy its  proximal  «zlieiaity  (PL  XXXI,  &g.  19).  The  exist- 
ence of  these  tvo  elsncnts  aepsrately  one  m>m  the  other,  jos- 
tifirs  as  in  regarding  them  as  two  distinct  stnutares  which  have 
united  to  form  tbe  complete  "  refringent  bnlb  and  lae  **  of  our 
new  Meduiia. 

Have  we  anrthing  parallel  in  Leptomedosae  or  b  Tracbo- 

medusK  for  tbe  two  dbtinct  elements,  the  modified  tentacle  and 

the  velar  ectodermal  capsule,  above  described  ?     Assuredly  there 

is    no    parallel    st    present    described    among   Leptomediuse. 

lAaiong  Tracbomeduse,  however,  we  Gnd  a  very  exact  parallel. 

JAlthougb  in  no  other  Trachomedusan  does  the  axial  portion  of 

ffhe  nmdifkd  tentacle  retain  so  simply  tbe  character  of  the  car- 

tilaginoid  axial  tissue  of  a  tentacle,  and  aJtboagh  in  other  Tra. 

chomt^dusa?  an  otolithic  concretion  is  formed  by  tbe  axial  cells, 

whilst  an  otolith  is  mo»t  drcidcdiy  not  formed  in  Limnocodium, 

yet  in  tbe  essential  character  of  tbe  refringent  body,  and  in  tbe 

remarkable  ectodermal  capsule,  Limoocodinm  agrees  most  pre- 
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dselr  villi  the  Trachomcdasoe,  such  as  Ehopslonenta,  described 
br  the  llertvrigs.  It  appears  ibat  in  EbopaloDema  and  i^licr 
iTOchomeduiw,  the  marginal  bodr  originates  as  a  amaU 
tentaele<lilce  outgrowth  with  endodermal  axis.  Whilst  the 
endodermal  aus  undergoes   luodilicatiuns,   aa   cctodennal    up- 

f growth  (of  the  abombral  velar  surface)  occurit  all  roand  the 
ittle  tentacle  so  a^  to  form  a  sort  of  inresting  vesjclcj  wliich  at 
Qnt  is  open,  but  in  the  course  of  development  closes  up.  The 
little  tentacle  is  thus  enclosed  in  a  spherical  sac  or  capsule. 

I'reciseW  the  same  history  attaches  to  the  tentncle-Iike  coto- 
mcuceraent  of  the  rcfringcat  body  of  Limaocydiuui,  exceptiu 
that  the  capsule  commences  somewhat  early,  and  that  tht.  whob 
atroctnre,  both  tentacle- body  and  capsule,  instead  of  standing 
out  freely  on  the  abumbral  surface  of  the  velar  insertion,  keeps 
a  special  course  of  direction  of  growth,  creeping  so  to  speak 
between  the  two  layers  of  the  irdum  inAtead  of  pushing  out- 
wards at  right  angles  to  the  abumbral  surface. 

There  can,  it  seems  to  me,  be  no  doubt  that  tlie  rcfringent 
body  of  Limnocodium  ia  identical  with  the  "  free  auditory  bulbs" 
(frcie  ntirkolbchen)  of  Trachylinc  Mednsie,  in  which  phase  the 
80  called  auditory  organ  of  I'rachoinedusGe  makes  its  first  np- 
pearance.  The  "  tubular  capsules"  or  "  velar  centrifugal  canals," 
winch  enclose  the  rcfriagcDt  bulbs  of  Limnocodium,  are  iden- 
tical with  the  at  Briit  open  and  8ubge<|uently  clui^ed  auditorv  sacs 
of  ectodermal  origin,  which  grow  up  around  the  H6rk6ll)chen 
of  Trachyuemidit:,  Oimdiada;,  and  Geryoaidie. 

I  have  observed  the  development  of  true  tentacles  in  the  new 
Medusa,  and  may  state  that  in  them  the  endodermal  axis  at 
ouce  begins  to  assume  its  si>ecial  character,  which  prevents  any 

t possibility  of  confusion   (apart  From   their  different  |iO!<ition9] 
ictween    the    true   Ipnlaclc    and    tlic   tenlacuUr   "  nudilorv " 
bulb. 

Until  it  is  shown  (as  it  appears  to  me  very  possibly  niay 
some  day  be  shown)  that  somF>  LeptoTnedusie  have  their  margiiul 
bodies  formed  by  modilied  tentacles,  as  in  Trachomeduaie  and 
Narcomuiluete,  and  not  purely  and  simply  from  eclodermal  cysts, 
as  the  llcrtwigs  have  described,  the  featnre5  which  I  jiave 
shown  to  cliarncterise  the  development  and  essential  structuru 
of  the  rafirginal  bodies  of  LimncH-odium  will  reader  it  nooesnry, 
even  apart  from  those  features  of  the  tentacles  and  marainal 
ring  above  described,  to  associate  that  form,  not  with  T^cptn- 
medusip,  but  witli  the  Traehomeduaie,  as  I  pointed  oat  when  1 
gave  to  it  the  name  Craspedacustcs. 

SBt&ryonic  condUion  vj'  Limtiocodivm. — Not  the  least  octnnisK- 
ing  fact  aljout  the  wv.w  fri'sh-wati-r  Mtnlusa  is  tlic  immense  pre- 
ponderance of  males.     Among  more  than  Afty  specimena  wliieh 
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I  have  namincd,  I  have  uot  found  one  female.     Yet  fenuks,  or 

;-beairiDg  rorms,  are  there. 

f  &nt  recavcd  spedmetts  of  the  Medosa  from  Mr. 
SowcrbjTr  be  impaitecl  to  me  his  conviction  that  vuung  MedoMi 
irere  being  halchcd  in  the  glass  jar  in  bis  sittutg-room,  wliieh 
contained  a  ntunber  of  fdll-grovn  specimens.  He  tnfetred  this 
from  the  fact  that  among  these  large  specimena  wfaicb  be  had 
introduced  into  the  jar  a  namber  of  minute  speeiBens  made 
their  appearance  after  the  lapse  of  three  or  foor  days.  On  a 
ubseijueiit  occasion  Mr.  Sowerby  again  drew  mj  attention  to 
:bc5e  minnte  Mcdaae,  and  enabled  me  to  examine  a  namber  cf 
tbem. 

Had  I  been  preoccapied  frith  the  notion  that  limnocodiom 
must  havL'  a  hvuriform  trophosomef  I  might  perhaps  hare  u^< 
lected  the  opportunit?  of  enmhdDg  these  minate  forms.  But  as 
I  had  come  to  the  concloaiOD^  ou  anatomical  grounds,  thai  Urn- 
nooodimn  is  one  of  the  Trachomedosaej  I  waa  quite  pfcpued^ 
when  Mr.  Sowerhj  for  the  second  time  mentioned  these  minnte 
Meduss,  to  Gnd  very  minute  Limaocodia  hatched  bom  ^ga  in 
the  vcsf«l3  in  which  the  adulta  were  kept. 

The  youngest  specimen  which  I  hare  at  present  examined 
measured  onfy  one  thirtieth  of  an  inch  in  diameterj  and  I  have 
cxamiDed  others  rerj  little  larger. 

TbcT  agree  in  a  tctt  striking  waj  with  the  embryo  of 
Geiyonia  hastate,  figured  b;  Metachnikow  in  the  'Zeitecb.  far 

»wi5!).  Zoologie/  \M.  xxiv,  pi.  ii,  Ggs.  13,  15.  There  \a  no  po*- 
fibility  of  doubting  that  th»e  embyros  were  developed  from  ^g^ 
jnst  ae  are  those  of  Geryuuia,  Cunina,  and  Jllginopsia. 

The  emalK'st  embryo  (woiidcut,  fig.  -1;  was  of  a  slighlly  de- 
pressed, nearly  spherical,  form.  It  exhibited  that  very  striking 
Mparation  of  the  ectoderm  from  the  endoderm  lavcr  which  is  seen 
in  the  simibr  embryo  of  Geryonia.  Four  perradial  tentacles,  very 
short  and  »tump-likc,  were  »pronting  at  a  litllc  distance  from  one 
depressed  pole  of  the  sphere.  Between  these,  rudiments  of  foor 
othera  were  seen.  ITie  externa!  ectodermal  layer  was  unbroke 
and  not  invaginated  at  any  part  of  the  sphere.  Yet  witbiu  could' 
be  seen  the  aabnmbrellar  cavitv,  the  manubriam  with  its  month, 

Pthe  quadrangular  stomach,  and  the  four  radiaiing  canals. 
The  rctoderm  was,  it  is  very  strange  to  say,  continued  across 
the  mouth  of  the  umbrella,  so  as  to  close  in  the  suhumbrcUar 
space.  Were  this  covering  to  be  ruptured  centrally  tlic  sub- 
umbrcUar  cavity  would  be  found  ready  formed,  with  dependent 
manubrium  aud  month.  The  ectodermal  bd  thus  centrally  per* 
foratcd  wonld  very  readily  become  the  velum. 

I   am   at  this  moment   unable  to  say   whether  this   is   the 
mode  of  development,  since  in  specimens  a   little  larger  with 
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The  movementa  of  the  embrjo  in  this  )>hase  are  actire  eoough. 
A  frequent  polsalioa  of  the  aabumbreilar  muscalature  u  seen, 
which  alters  bat  little  the  surfacu  outline  of  the  suberiail  embryo. 
The  spherical  fonn  i«,  however,  slowly  altrrp<lj  and  occasioiully  the 
anbrros  become  much  elongated  |iarallel  to  the  oro-a|]ical  axis. 

I  aefer  any  further  (if«crii>lion  of  the  duvetopmeDt  of  Limno- 
codiom  untd  I  can  submit  the  more  complete  drawings  of  the 
stages  which  I  have  already  recorded  and  of  others  for  which  I 
am  now  in  search. 

lulra-celiular  digettiwi  in  Lm*u)eodium.—'Y^t  exccedingi/ 
important  Eact  that  some  of  the  CKleutera,  aud  lower  kinds  of 
worms,  iligeat  their  solid  food  by  the  inception  of  the  solid  food- 
pkrtides  into  the  substance  of  endodermal  cells,  each  endodrrmal 
oeU  bebaWn^  as  ao  Amteba,  lias  now  been  fairly  established  by 
the  observations  of  Allman  on  Myriuthela,  of  Metschnikufr  on 
Torirellarians,  and  of  T.  J.  Parker  on  the  common  Hydra. 

Umnocodium  exhibits  this  mode  of  digestion  in  the  moat 
alrikiug  aud  obvious  maimer.  I  have  prepared  drawings  of  the 
endodermal  cells  of  the  stomach,  showing  their  amoeboid  character, 
and  showmg  further  the  presence  of  aucb  food-bodies  as  Pro- 
tticocci.  Diatoms,  and  Gugienie,  in  various  stages  of  digestion, 
KfitAia  the  protoplasm  of  single  cells,  and  of  aggregated  groups 
of  such  cells.  The«e  were  observed  io  and  drawn  from  living 
specimens  of  Limuocodiam  with  a  miLgnifying  power  of  &U0 
oiametera. 
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On  the  Development  of  the  Structure  known  aa  the  '  Glo- 
merulus of  the  Sead-Kidney  '  in  the  Chick.'  B^  Auxu  Ssoc- 
wiOK,  B.A. —  111  a  paper  by  Mr.  Ualfouraiitl  tnrsclf  in  the  '  Qiurt. 
Journ.  of  Micr.  Scieucn;,'  vnl.  xix,  dcscribiug  the  derelontncnt  of 
what  we  believed  to  be  a  rudimentary  bead-kidaejr  in  tue  chick, 
wc  drew  attention  to  a  structure  which  so  closely  resembled  the 
glomerulus  of  the  hcad-ki<lncf  of  the  Icthjropsida  thai  we  iden- 
tified it  a»  an  homologous  structure. 

Gflsser '  lias  alsii  indt^pendently  discovered  and  similarly  iden- 
tified this  structure. 

In  the  paper  just  referred  to  no  attempt  was  made  to  trace 
tlie  derelopmeul  uf  litis  gloint-rulus,  hut  it  was  merely  described 
AS  it  appeared  at  its  time  of  greatest  development. 

The  following  description  i»  token  from  that  paper: 

"In  the  chick  the  fflomcmlus  is  ptred  and  consists  of  a  vas- 
cnlat  outgrowth  or  rittge  projecting  into  the  body  cavity  on  each 
side  at  the  root  of  the  mesentery.  It  extends  from  the  natcrior 
end  of  the  Wolflian  body  to  tlie  point  wliere  the  foremost  open- 
ing of  the  head-kidney  commences.  Vfe  have  found  it  at  a 
period  slightly  earlier  than  that  of  the  first  development  of  the 
head-kidney.  In  the  interior  of  this  body  ia  seen  a  stroma  with 
numerous  vascular  channels  and  blood-corpuscles,  and  a  vas- 
cular coniiectiuu  is  apparently  becoming,'  established,  if  it  is  not 
so  already,  between  the  glomerulus  and  the  aorta.  The  stalk 
connecting  the  glomeruloa  with  the  attachment  of  the  mesentery 
varies  in  thickness  in  diS'erent  sections,  but  we  believe  that  the 
glomerulus  is  continued  unbroken  throughout  the  very  consider* 
able  region  through  which  it  extends.  This  point  is,  however, 
difficult  to  make  sure  of,  owing  to  the  facility  with  which  the 
glomerulus  brenks  away.  At  the  stage  wc  are  describing  no 
true  Malpigluan  bodies  are  present  in  the  part  of  the  WoUfiui 
body  on  the  same  level  with  the  aaterior  end  of  the  glomerulus, 
but  the  Wolffian  body  merely  consists  of  the  Wolffian  duct.     At 

'  Bead  before  tUc  Cambiidge  Plitlosophiul  Society. 
■  '  Sitsuucsbericliiw  d«r  G»cllscliari  lur  Bcturd  it.  gcaani.  Xaturviss.,' 
No.  6, 1879. 


of  the  pcMtarwr  pui  ol  Uw  glanerahv  tfab  ii  M  loBMr 

bat  hen  a  renlir  mbh  of  pnmtrjr  Midai^iia  he&s 

ia  present,  inil  the   ^oaKmlBs  of  the   had-IdoiMy  waj  bc- 

quentl;  be  seen  in  the  same  sectMn  af  i  Ualp^haa  bodr.  Ia 
most  seetiotu  the  two  bodies  appear  qnite  fiseoBMCteii,  oat  ia 
those  sections  in  which,  the  glomentios  <^  the  l£d|p^{faeB  bodj 
conaea  into  view  it  is  seen  to  dc  deriTcd  tram  the  aeae  (bnntna 
«s  the  glomeraliu  of  the  hesd-kidiieT.'' 

Hie  point  which  is  left  in  doubt  in  the  abore  descriptiao,  ris. 
as  to  wnether  the  glomeralns  consfitates  a  oonlinnoiu  stnictarr, 
is  at  once  decided  bj  a  9tady  of  its  derdopmeat. 

I  maj  bere  Hate  that  it  is  not  a  continnoos  stractoir,  bot 
oonaists  of  ■  series  of  exten:^!  glomeruli,  eodi  of  which  ooRe> 
,«ponds  and  is  conttntions  with  the  giocneruli  of  the  Ualpigfain 
bodies  found  in  this  part  of  the  trunk. 

I  will  commence  the  description  of  the  derelopmetit  at  the 
time  when  the  segmental  tabes  hare  reached  the  stage  of  deve-.' 
lopioent  figured  bj  KolUker'  and  mrself.'  At  thu  itwe  each  of 
them  in  the  anterior  region  of  the  VVolHian  boiif  has  the  form  of 
an  S-»baped  string,  with  a  narrow  opening  into  the  bodj?  cavitjr, 
the  lower  limb  of  the  5  being  formed  by  the  lotennediate  cell 
mass,  and  the  npper  limb  bv  a  column  of  cells  which  oouiects 
the  intermediate  cell  mass  with  the  Wolffian  dnct. 

In  tlic  region  where  each  external  glomeralua  ia  afterwards 
found  the  openings  into  the  bodj  cavitjr,  which  are  homologous 
vith  the  peritoneal  opmiiiga  of  the  segmental  tubes  in  Elaraio- 
branchi*,  widen  out  very  consitlerablfj  and  a  lamen  is  contioaed 
frottt  them  into  the  intermediate  cell  mats  on  the  one  hand,  and 
on  the  other  hand  into  the  coluom  of  cells  which  forms  the 
upper  limh  of  the  s  end  connects  the  intermediate  cell  mass  with 
the  Wolffian  duct." 

That  part  of  the  segmental  tube  which  will  afterwards  become 
a  Matpighian  body  is  therefore,  in  the  region  where  an  external 
glomerulus  will  subsequently  be  formed,  connected  with  the  bodj 

'  Thisnai  best  be underalood  bycxamiuitiif  fig.  ll.PI.  XVII,  in  mjpapcr 

alreadj  rereired  to  ('Quart.  Joarn.  of  Micr.  Science,'  April,  ISSO).     If  the 

,  primarj  Wolffian  tiibole  ((p/*),  here  repreiientnl,  were  connected  wlllt  the 

^periteaealepitbelium  at  the  point  where  the  line  from  wf'   cuts  it,  anil  it 

"  were  opea  to  the  boiW  crmtj  at  that  [total,  au  ajipearftncc  similitr  to  Dial 


I  which  i  have  altentpte^  to  describe  woald  bo  obtiuiicd.  Or  peih^j)!  .1  belter 
ujln  of  the  structure  maj  be  obtained  from  fie.  6,  PI.  XX,  io  Balfour's 
^^HaoKTipJi  on  the  Uevelopmeitt  of  J^lasmobrearii  Fishes.'  U  tt  neie  vei^ 
PHR^and  vide,  so  Ibst  ciy  were  widelf  open  to  iLc  body  cavity,  tbe  figure 
'would  resenble  a  dcTolopiiig  Wolflinu  tubule  in  this  anterior  part  of  titc 
chirlL's  Wolffian  body. 

*  *  Gntmckiungtgescliichlo  dcs  Mcnscben  u.  dcr  hCfacres  Tliicre/  p.  301, 
Snd  cd. 
'  'Quart.  Joum.  Mic.  Sci./  AprU,  ISSO,  PI.  XVU,  fig.  1. 
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cavitjr  br  a  short  tube.  Tbis  tube  rapidljr  videns  oat,  eapedaOf 
anteriorlv,  to  luch  an  extent  that  it  soon  appears  as  a  ahoUov 
bay  in  the  body  cavitj.  Thus  each  opening  at  this  stage  forms 
a  bay,  vide  aad  shallow  aDt«riorly,  becoming  deeper  and  nar- 
rower as  we  pass  backwanU,  until  Bnallv  behind  il  ie  separated 
from  the  body  carity  altogether,  and  there  is  seen  in  section  a 
Malpighiiau  cap«ule  precisely  resembling  a  derelopiug  Jlalpig- 
hiau  capsule  in  the  hinder  region  of  the  Wolffian  bodj.*  In  Ibis 
bay  ana  in  the  small  part  behind  continuous  with  the  bay^  but 
separated  from  the  boay  cavity,  which  are  together  serially  homo- 
logous with  a  Malpighiati  capsule  and  the  funnel  leading  from 
it  into  the  body  cavity,  a  nmall  glomerulus  soon  appears 
attached  to  the  domal  wall.  The  glomerulus  increx%s  iu  sice, 
and  the  bay  anteriorly  widens  out  very  much,  white  behind  it 
remains)  deep,  and  finally  passes  into  the  closed  postcnor  |^o^ 
tion.  The  glomerulus  fdls  up  this  passage,  which  clearly  runs 
obliqueiy  backwards  and  duraalwards,  and  eventually,  as  far  aa  I 
can  ascertain,  the  opening  becomes  completely  closed,  the  epi- 
thelium on  the  eiternal  glomerulus  Wing  no  lunger  continued 
through  the  opening  on  to  the  internal  glomerulus. 

The  external  glomerulus,  then,  in  the  chick  which  has  hither^ 
to  been  known  aa  the  glomerulus  of  the  head-kidney,  is  notbiof; 
iDurc  than  a  scries  of  glomeruli  of  primary  Malpighiari  bodira 
projecting  through  the  wide  openings  of  the  segmental  tubes 
into  the  body  cavity.  Their  eitreme  aatero -posterior  exleiuioa 
may  be  said  to  be  within  the  ninth  and  thirteenth  segments. 

In  the  chicle  the  primary  scgnaental  tubes  corresponding  to 
these  external  glomeruli  are  apparently  never  fully  developed. 

T  may  mention  that  the  eitemal  glomeruli  are  present  i& 
greater  numbers,  and  attain  a  greater  development  in  the  daclc 
than  in  the  chick. 

I  defer  the  details  and  all  discussion  of  this  extraordinary  and 
unexpected  development  until  I  am  able  to  publish  a  fotler  paper 
with  figures. 

Bacterium  Antbracia. — Professor  Greenfield,  of  the  Brown 
Inaiituiion,  has  recently  made  the  following  report  to  th« 
Royal  Agricultural  Society : 

In  my  former  report,  published  in  the  last  volame  of 
the  Society's  journal,  I  gave  the  results  of  my  experiments 
80  far  BB  they  were  completed  tu  the  middle  of  February. 

II  maybe  remembered  that  the  chief  results  of  the  experi- 
meula,  briefly  stated,  were — 

(1)  That  splenic  fever  may  be  transmitted   to 


'  Lo&oit.,  fig.  11. 


bovine     I 
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ilmal  by  direct  iuocutaiioii  fiom  a  Kodeiit ;  thnt  the  disuse 

lus  f^ven,  though  severe  and  possibly  fatnl,  is  not  usually 

and  that   the    modified  atlack  uf  thi;   diseasti  confcnt  a 

''certain  deforce  uf  ]»roteclion  from  subeuqiiuui  auacks  cum- 
municated  id  the  same  way;  ao  fnr,  at  any  rate,  as  the 

IJttjLperimeuta  hnil  betii  cariieiJ. 

K  {i)  I  showttd  uUo  that  the  fun<;u8  which  constitutes  the 
essential  contagium,  when  grown  in  successive  generations 
in  a  cultivating  fluid,  was  still  capnUe  of  giving  rise  to  the 
disemsc'j  being  in  one  case  fatal  to  a  cow  iti  the  first  gciicTa- 
tion,  in  another  falal  to  a  sheep  in  the  fDiirth  generation. 
My    experiments    also    showed    that    an    attack    thus  cym- 

Ipliitiicated,  causing  severe  bfniptoms,  appeared  to  be  et^tially 

i^rotective  against  results  from  future  inoculations  witEi  the 
disease  given  directly  from  the  guinea-pig. 

I      I  pointed  out  that,  although  I  hail  applied  as  severe  tests 

lis  were  at  my  command,  tn  ascertain  the  degree  of  protec- 
tion conferred,  it  was  yet  desirable  to  perforin  the  more 
crucial  test  uf  direct  contagion  I'rum  anullier  bovine  animal; 
and  that,  if  the  experiments  %vere  successful,  the  precise 
method  of  performing  the  protective  inoculation,  and  the 
durability  of  the  protection,  wouhl  require  fiitiher  investiga- 
lion.  Having  regard,  also,  to  the  small  number  of  animals 
as  yet  ex{>erimented  on,  it  would  be  desirable  to  repeat  similar 
trials  on  others. 

Keeping  these  points  in  view,  I  have  continuad  the  experi- 
ments, and  have  iuoculaled  two  other  animals  with  similar 
results.  In  one  case  also,  which  had  just  n^covered  from  the 
6rst  attack  at  the  time  of  my  report,  1  have  ascertained  by 
further  iuuculatious  that  proteutiou  )i»d  been  conferred. 
Thus  in  all,  I  have  added  ihiec  mure  lu  ihe  cases  of  success 
by  thia  method.  In  one  of  these,  ihe  disease  was  given  by 
the  fourth  generation  of  ihc  cultivated  fungus,  and  the 
symptoms  were  severe. 

So  far  as  concerns  the  crucial  experiment,  that  of  ex- 
posure (0  direct  contagion  from  another  bovine  animal,  I 
have  not  as  yet  had  any  opportunity  of  making  it,  and  am 
slill  awaiting  the  occurrence  of  some  outbreak,  of  which  I 
hope  we  may  receive  early  information.  But  1  have  just 
received  some   material  from  other  animals  which  is  known 

■|o  be  highly  infectious,  and  am  about  to  make  experiments 

■with  it. 

Since  my  previous  report,  another  very  interesting  and 

.equally  important  point    hng  become   clear,  which  may  I 

[hope    prove  of  great   value  in  future,     it  is  thai,  when  the 
rims  of  the  disoa-e  (ih"  fungoi-l  organism  known  ab  BaciUu4 
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anthracif)  is  axtificially  cuUJrated  in  aa  lodiffercnt  fluid, 
bv  the  method  of  Buccessive  generations,  which  I  have 
described  in  my  report,  each  successive  fjencraiion  becomes 
less  active  than  its  ptedceesEor,  and  wht-n  inoculated  acts 
not  only  with  less  intensily,  but  more  gnidiiallyj  and  often 
in  a  somewhat  different  manner.  This  modification  taket 
place  to  such  a  degree  that  when  the  cuUivatiuu  has  been 
carried  to  the  fourteenth  or  fifteenth  generation,  it  may 
be  introduced  with  impunity  into  the  system  of  a  mouse, 
which  is  oue  of  the  auimaU  most  susceptiblu  to  the  poison. 

Apart  from  its  Ecicntific  interest,  this  fact  will  doubtless 
prove  to  he  of  practical  value,  for  by  Us  means  it  will  be 
possible  to  obtain  a  virus  of  sufficient  activity  to  produce  an 
attack  of  the  disease  which  shall  be  protective,  but  not  of 
sufficient  severity  to  be  dangerous,  or  in  any  way  injurious 
to  the  animal  inoculated. 

With  rcgurd  to  any  apprehended  ill^ffect  upon  the 
animals  thus  inoculated,  I  may  say  that  the  cows  which  we 
have  used  have  thriven  remarkably  well,  and  none  so  well 
aa  that  which  has  been  most  severely  tested. 

I  hope  in  a  future  report  to  give  the  details  of  these  in* 
ves ligations,  which  have  necessarily  been  extensive  and 
complicated. 

I  venture,  therefore,  to  urge  npon  the  Society  the  im- 
portance of  continuing  these  experiments,  so  as  to  bring 
them  to  H  complete  and  (lecisire  result.  In  order  to  do  this, 
further  outlay  in  the  purchase  and  keep  of  animals,  and 
other  expenses,  will  be  necessary,  which  will  involve  the 
renewal  of  the  grant  for  the  ensuing  six  months. 

Dr.  Carl  Kabl  on  the  Pedicle  of  Invaginatiou  in  Pulmonal* 
Gastropoda. — Dr.  Uabl  has  renewed  hia  investigations  on  tin; 
embryology  of  Planorbis,  and  has  arrived  at  a  result  wbich 
brings  his  observations  of  fact  and  my  own  {published  io 
this  Journal  in  1874)  into  close  agreement  on  a  matter  of 
considerable  importance  concerning  which  he  was  at  first  led 
to  differ  from  me. 

He  writes  relatively  to  the  question  of  the  existence  of  a 
"pedicle  of  invagination"  as  follows  (dated  June  4th): 

"  Tho  youngest  embryos,  of  which  I  have  cut  sections  in 
order  to  determine  the  above  question,  were  little  older  than 
those  drawn  by  me  in  Plate  XXXlI.fig,  20,  of  iny  Memoir. 
Although  by  ob-iervation  of  the  embryos  as  whole  objects 
I  could  see  nothing  which  could  lead  to  ilie  inference  of  the 
existence  of  a  pedicle  of  invagination,  yet  J  convinced  my- 
self by  the   aid    of  sections  that   a   cylindrical  solid   cord 
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exisU  which  leads  from  the  carity  of  thfl  mid-gut  to  (he 
integument.  This  cord  consists  of  email  endoUerm'Cells, 
rich  in  granales,  and  the  ectoderm -cells  of  the  spot  irhf^re  it 
cornea  into  contact  with  the  integument  are  somewhat 
longer  and  poorer  in  ^anules  than  the  neighbouring  cells. 
There  is,  howererj  no  trace  to  be  seen  of  an  orifice  of  in- 
vagination. 

"  In  sections  of  somewhat  older  embryos  one  can  ohseire 
that  the  cord  becomes  hollowed  out,  the  hollowing  proccia 
taking  origin  from  the  cavity  of  the  mid-gut,  and  it  in  easj 
enough  to  convince  oneself  that  it  gives  rise  to  the  terminu 
gut.  Accordingly  I  am  in  ihe  pleasant  position  of  being 
able  to  confirm  your  statements,  in  so  far  as  that  a  cord 
exists  which  stretches  from  the  incegumerit  to  the  gut,  but, 
on  the  other  hand,  I  consider  that  my  view  is  confirmed, 
that  the  terminal  gut  is  a  dt'riviitive  of  the  mid-gut. 

"  Your  interpretation  of  this  cord  as  a  '  pedicle  of  invagi- 
nation *  I  am  not  able  now,  any  more  than  before,  to  accept." 

Dr.  Rabl  will  explain  his  views  and  observaiioua  at 
greater  length  in  Professor  Gegenbaur^s  '  Mornh.  Jalirhuch.' 

K.  Rat  Lankrstkr. 

Development  of  Kosonlar  Tissne  from  Epiblast  in  the  M&m- 
malift. — According  to  recent  observations  of  Baiivier  this  et- 
treioely  important  and  uiiexpecii-'d  fact  has  been  rniuliliEhed 
fay  him  in  regard  to  the  muscular  coat  of  the  sweat-glands. 
'The  reader  is  referred  to  Banvier's  notice  of  his  discovery  ia 
the  '  Comptes  Bendus  of  the  Acad,  of  Sciences  of  Paris/ 
Dec.  29th,  1879. 
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JVtfcemiw,  1879. 
Chroococc^ceoua  ajga/rom  Leieetier,txhihitfd. — Mr.  Archer  «• 
hibit^il  tixauiplcs  from  a  smiJl  ooUectios  of*  Cliroococc»ocotia  algil 
form,  kiiiiUv  tbrwapiled  bim  by  Mr.  Holine*",  of  Loudon,  which  hJul 
occurred  io  considerable  quantities  in  the  w.-it«r  eupplr  of  the  tows 
of  Leicester.  This,  regarded  from  what  might  b«  called  a  idOT' 
phologieal  point  of  view.and  taken  aa  it  atood,  would  be  rebcrite 
to  the  iienus  Cceloaphsrium,  Kii^.,  but  it  was  clearly  not  ideiu 
ticAJ  with  the  commoa  Ooiiotfkaerium  KuUinf/iaHum,  Nag.,  of 
which  Mr.  Archer  exhibited  aomo  example*  for  compariaon  ani 
iilustratiou.  He  might  mention  that  the  latter  form,  when  taket 
from  ninnine  water,  aa  these  examplca  were,  seems  to  posBM 
notably  smaller  constituent  cells  than  in  the  form  taken  from 
standing  pools,  tn  0.  Kuttingianum,  however,  the  indiruhul 
cells  are  globose.  In  Mr.  Holmes'  plant  they  wore  eloogfttiv 
coDstderabiy  larger,  of  a  different  tint  and  internal  nppcaruea 
The  fiasion  of  the  cells  took  placo  in  the  direction  of  tne  lonjV 
axis,  that  is,  radially,  as  regards  the  aggregate  group  ot 
Tottind  colonies,  whereby  the  constituent  cells  came  te 
stand  themselTCS  radially,  that  is,  pointing  to  the  ooonoa 
centre.  It  mAy  he  n  iiuestion,  indeed,  how  far  CcnlosplicriniD 
can  be  correctly  regaroed  as  a  generic  type  ;  for  insbuioe,  tl» 
clearly  allied  form  referred  to  BaetL-rium  by  Lunke«ter.  bii 
S.  rwoteene,  would  appear  to  temporarily  put  on  a  Coelft- 
■pfanriuin-likc  cunditioD — nay,  also  a  Mensmopicdia<lik^  ■ 
Clathrocystia^like,  and  other  phasen.  Since  arrival  many  of  tiie 
"  Ccelosphsrium  "  Bgg:rcgatioDB  had  become  broken  up  the  eelli^ 
atill  living  and  aubdividiug,  the  BHsioii  still  in  the  I^jngitudinal 
direction ;  in  that  state  the  bb  yet  not  disconnected  pairs  ofoelb 
called  to  mind  the  appearance  of  a  pair  of  cotyledoua  of  aooie 
seed — say  a  beau — opened,  and  as  yet  held  together  by  the  en- 
bryo.  Of  course,  tbiu  plmit  poHaesaed  conaiuorable  affinity  t» 
BQch  as  Microspora  {Clathrocxistii)  aruginofa,  agreeing,  too,  wUb 
it,  as  would  appear,  in  its  copious  occurrence  when  met  with; 
but  the  cleugato  form  of  the  cells  and  differeut  tint  wero  striking. 
A  very  slight  pressure  was  suHlcieiit  to  drive  away  from  a  coloof 
a  Dumber  of  toe  constituent  cells,  and  tbeii,  or  when  appannl^ 
normally  broken  up,  of  course  the  sepanited  cells  might  pus  mr 
a  Bpceiefl  of  Syaechococcus  (where  the  line  of  HBsion,  howcTor.  i» 
truusverae),  but  Just  as  well  the  same  might  be  said  for  tbe 
separated  cells  of  a  Clathrocyetis,  which  might  pass  for,  mj, 
CM-ooeotxtu  minor.  It  does  not  seem  at  all  unlikely  that  onder 
some  dilTereut  iuipulsea  the  vegetating  cells  of  this  group  aij 
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aVc  on  different  modes  of  combiaatioDr  and  nasume  orrangemeDts 
D  chenuelTci  u  yet  iiuppoted  to  be  of  geoenc  import.  Here, 
Knrarer,  tbe  cells  tbemwlres  Beemed  to  present  an  aepuot  un- 
imil;  if  oae  coiUd  judge  correctly,  tliey  Beemed  to  ufler  A 
ilig'htly  teperrag  figure,  but  by  uo  meaas  comparsblo  to  tbat  of 
;be  relsteo  Qompkotpha-na  aponina,  in  wfaicb  the  cells  are  olinOMt 
Mg-top  shajied,  or,  when  partially  dividcKi,  "  heart-Bhaped ;  "  but 
he  preseat  plant  agrees  with  tbat  ia  the  loDgitudinal  direclion 
tf  tbe  line  of  self-divisioD.  ProbnblT  a  cbaract«n«tic  coonectod 
ritb  their  slightly  UDeqaally-ended  ogure  was  tbat  the  la«t  point 
if  oomMciioa  betireeo  the  two  young  ooUa  not  yet  disjuoct  was 
lot  at  the  centre  but  notabty  nearer  one  end,  thus  increasing  the 
eaembUutco  (alluded  to)  to  the  opened  but  not  Bunderud  pair  of 
rotyledona  of  a  beau,  lu  this  punt  the  internal  arrangement  of 
he  Httle  granular  and  darkish  unaeee  of  endochrome  Beemed 
wcoliar. 

QraioM  of  Bmiy  in  Atuiralian  tand. — Dr.  Fmzer  iibowod  eomo 
ine  aaod  Irom  Australia,  taken  from  a  river  bed,  maDT  uf  the 
[ratna  of  whieh  were  of  ruby.  Tory  pretty  to  look  at  under  a  low 
>ower,  but  far  too  tmail  to  be  of  any  value.  The  sample  had  been 
[iren  to  him  by  the  Bev.  Mr.  W'hitmee. 

J£l>diJSeationi  of  ttrucUtre  prettitted  in  ih«  crott  ttction$  oftht 
tpintt  of  Ooniocidarit  canicvlatut,  &.  tubaria,  and  O.  ^eraitoidtt. 
— Prof.  Hackiutosh  exhibited  cross-sections  of  the  spines  of 
Otmiocidarii  canicuJatut,  A,  Agassiz,  O.  tubaha,  Lamk.,  and 
O.  geraniodei,  Lomk..  and  called  attention  to  the  intcrcfiling 
mudjfication  of  tbe  structure  to  be  observed  iu  them.  In  alt 
three  the  ceatrai  part«  of  tbe  spine  corresponded  vrith  the  typical 
Cidarid  arraagement.  In  tbe  tiret  named  the  peripheral  crust 
was  also  sufficiently  normal,  tliere  being  no  extensiona  of  tbo 
interrnvdiate  part  of  the  spine  ;  but  in  0.  tferanioides,  as  is  well 
known,  instead  of  the  usual  Mhell  perforated  by  Hne  radiating 
tubule*,  there  was  an  inveHtnient  of  reticulated  tissue  of  the 
commoD  echinoid  type,  supported  by  numerous  exteoBiona  out- 
wards of  the  intermediate  part*  of  the  spine  tissue,  (Foe  figures 
of  this  form  see  Agassit, '  Revision  of  the  Echini,'  pi.  xxx,  and 
Mackintosh,  '  Trus.  Koy.  Irish  Acad.,'  to],  irii,  pi.  ix.)  Iq 
G,  tuharia  was  seen  the  connecting  form  between  the  two  ox- 
tremes,  for  there  the  crust  is  still  more  or  less  reticulated,  but 
the  projections  into  it  ar*  few  and  comparatively  short.  Pruf. 
MacKintosh  was  indebted  for  the  epecimens,  from  which  the 
•ectioni!  had  been  made,  to  Prof.  A.  Agassiz,  of  tbe  Harvard 
"Duiversity. 

Minute  gtian-paratitie  CalUthamnion  an  Lomenlaria  articu- 
tata.~Or.  E.  Perceval  Wright  exhibited  some  small  inursels  of 
the  young  Fronds  of  Lomtntana  artt^uialu,  from  the  surfaco  of 
which  were  to  be  seen  in  many  stages  of  growth  a  very  minute 
quaai'paraailic  species  of  Callitbamnion.  It  [irst  made  its  a|i> 
iraace  as  a  nngle  filament  of  four  or  fire  cells,  protruding 
<m  some  of  the  outer  oella  of  L,  articttlttta ,-  this  Boon  bnuichcd, 
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and  in  procem  of  time  tbo  little  plant  reMfaed  cUmeusioni  jut 
yinibte  to  tbe  uunaiiiiited  vision  :  at  this  stage  its  tclraApona  van 
found,  but  no  trace  was  detected  of  either  carpogouia  or  anfcb^ 
Hilift.  Thero  were  great  dilBcultiea  ia  the  waj  of  referriu^  Uni 
plnnt  to  any  of  Beuucli's  species,  many  of  which  were  indeed 
Btill  vritbout  Bpocifie  namM.  It  had  hecu  fouDd  pretty  cxMnmn 
on  L.  ariievtata,  collected  about  Hovrtb  during  the  apriDg  iA 
1879,  and  douhttcsa  would  turn  up  again,  whea  perfaa{»  its  trM 
fruits  might  be  diworered,  aod  witn  them  a  more  perfect  account 
laid  before  the  club. 

Branching  of  the  ttaminal  hain  <^  Tradescantui.  —  ProL 
Id'Nah  drew  attention  to  a  siogular  case  of  branchio^  hairs  from 
the  stamens  of  Tra<letctttilia  virginiea.  The  peuuTtimate  cell 
gave  off  at  its  base  abranoh  coneisLiiig  of  two  cells,  th«  axis  of 
growth  of  tho  brauch  being  dowDwords  and  backwards.  Ihia 
lorm  aiid  throe  other  hairs,  each  with  a  branch  couBieting  of  ■ 
single  lateral  ccLl,  wore  all  obtained  from  an  unopened  dowe^ 
buJ,  from  a  cut  flower-stem,  which  had  been  some  time  in  water, 
and  therefore  undec  abnormal  conditions. 

DeeetKher,  1879. 

Cotnarium  isthmochotidntm,  Kordit.,  n»w  to  Xrcimid,  tshSnUi. 
— Mr.  Archer  showed,  new  to  Irelaud,  Ootmarium  itthmoeAat- 
drum,  Nordat.,  from  Conuemara,  and^  similarly  to  ^Nordstodl'i 
own  example,  as  be  states,  in  company  with  Qmnariam  ^vt* 
narium.  Both  these  are  VL-rr  rare  specie!),  but  when  mot  with 
Bometimes  occurring  in  quantity.  As  Ilerr  Nordatcdt  romarlui 
tbese  two  species  might  possibly  be  coufouadfd,  but  Mc.  Archer 
thought,  if  their  ilistiactioa  weru  but  once  properly  appreciated, 
such  a  minlake  could  not  occur  ou  a  ue'cond  occasion,  for  it 
needed  only  a  little  careful  observation  to  ^ee  their  striking  ani 
strong  points  of  ditferouce;  even  with  a  low  power,  when  one 
has  t;ol  a  good  gra«p  of  the  outline  of  eai^h,  Mr.  Archer  thought 
they  might  be  very  readily  discrimLoated.  There  could  be  no 
doubt  but  tbat  Vosmariutn  Utkmochondrum  is  a  very  good  and 
distinct  species, 

ParatUic  Floridfout  alga  in  I'locamium  eoccmntn^  evMhittd. 
— Dr.  B.  Pvrceval  Wright  eihibited  some  fllamcuta  of  a  Flori- 
deous  alga,  which  he  had  found  in  tho  interior  of  the  main 
portion  of  the  frond  of  Plocamium  eoccinium.  Those  filaments 
were  of  a  distinctly  red  colour,  were  frcqueutly  branched,  and 
nf>parontIy  grww  up  within  the  cell  tissue  of  the  Plocamium.  Ur. 
Wrii^lit  had  found  them  in  November,  iy7S.  and  waa  again 
reminded  of  them  by  the  appearance,  in  the  '  Botanieclie  2oi- 
tuiig'  for  17th  January,  1879,  of  a  paper  by  Koinscb,  on 
"  Jlntoxoinche  Pflanzenparasiten,"  in  the  plate  accompanying 
winch,  fig.  n,  an  almost  identical  form  is  figured.  Unfop^ 
tunnlely  though  watched  from  time  to  time,  nothing  had  jret 
transpired  to  throw  ai»f  additional  light  on  their  Mq  hutory. 


Xabval  Forms  :  t/ieir  Natubb,  Obioix,  and  Afpixities. 
By  ¥.  M.  Balfour,  M.A.,  F.U.S.,  Fellow  of  Trinity 
College,  Cambridge. 

Preliminary  contiderationa. — Animals  either  (1)  undergo 
the  whole  of  their  early  development  in  the  egg  or  within 
the  body  of  the  parent,  and  are  hatched  in  a  conditioa  closely 
resembling  the  adult;  or  else  (2)  ihey  are  born  in  a  condi- 
tion differing  to  a  greater  or  less  extent  from  the  adul^ 
When  born  in  the  Utt«r  condition  they  are  known  ai 
laTTSj  till  they  have  approximately  acquired  the  adult 
characters  of  the  species.  There  are  no  quvsiions  which  are 
of  greater  imporiaoce  for  the  embrjologist  than  those  which 
concern  the  nature  of  the  secondar}*  chnnges  likely  lo  occur 
in  the  foetal  or  in  the  larral  state  ;  since  it  is  on  the  answer 
to  Buch  questions  that  our  knowledge  of  the  extent  to  which 
a  record  of  the  ancestral  histor}-  may  be  expected  to  be  pre- 
served in  development  depends.  The  principles  which  govern 
the  perpetuation  of  variatious  which  occur  in  either  the  larval 
or  the  tffiial  state  are  the  same  as  those  for  the  adult  state. 
Variations  favorable  to  the  survival  of  the  species  are  equally 
likely  to  be  perpetuated,  at  whatever  period  of  life  they  occur, 
prior  to  the  loss  of  the  reproductive  powers.  The  possible 
nature  and  extent  of  the  secondary  changes  which  may  have 
occurred  in  the  developmental  history  of  forms,  which  have 
either  a  long  larval  existence,  or  which  are  born  in  a  nearly 
complete  condition,  is  primarily  determined  by  the  nature 
of  iho  favorable  variations  which  can  occur  in  each  case. 

'Where  the  development  is  a  fietal  one,  the  favorable 
variations  which  can  most  easily  occur  are — (1)  abbrevia- 
tionSj  (2)  an  increase  in  the  amount  of  food-yolk  stored  up  for 
the  use  of  the  developing  embryo.  Abbreviations  take  place 
becante  direct  development  is  ahvnys  simpler,  and  therefore 
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more  adrantageoua;  and,  owing  to  the  fact  of  the  ftctuB  act 
being  required  to  lead  an  independent  exiatence  till  birth, 
and  of  its  being  in  the  meantime  nourished  by  food-jrolk, 
or  directly  by  the  parent^  there  arc  no  physiological 
causei  to  prevent  the  cnaracters  of  any  dnge  of  the  develop* 
ment,  which  are  only  of  functional  importance  to  a  _/rM 
iatxti,  from  difiappearinK  from  the  developmental  historjr. 
All  external  orf^ans  of  locomotion  and  nutrition  will,  for  thu 
reason, obviously  have  a  teudeucy  to  disappear  or  to  be  reduced 
in  fcetal  developments;  and  a  little  consideration  will  show 
that  the  ancestral  stages  in  the  development  of  the  nervous 
and  muscular  systems,  organs  of  sense,  and  digestive  system 
irill  be  liable  to  drop  out  or  be  modified,  when  a  Bimplifica* 
tion  can  thereby  be  affected.  The  circulatory  and  excretory 
systems  wlU  not  bo  modified  to  the  same  extent,  because  both 
of  them  are  usually  functional  during  fcetal  life. 

The  mechanical  effects  of  food-yolk  are  very  considerable, 
and  numerous  instances  of  their  influence  will  be  found  in 
my  treatise  on  '  Comparative  Embrjology.'  They  mainly 
affect  the  early  stages  of  development,  i.e.  the  form  of  die 
gastrula,  &c. 

The  favorable  variations  which  can  occur  in  the  free 
larva  arc  much  less  limited  than  those  which  can  occttr  in  the 
fcetus.  Secondary  characters  are  therefore  very  numerous 
in  larvffi,  and  there  may  even  be  larva;  with  secondary 
character.^  only,  as,  for  instance,  the  larva;  of  insects. 

In  spitu  of  the  Uability  of  larva;  to  ac()uire  secondary 
charactcrsj  there  is  a  powerful  counter-balancing  influence 
tending  towards  the  preservation  of  ancestral  characters,  ia 
that  larvee  are  necessarily  compelled  at  all  stages  of  their 
growth  to  retain  in  a  functional  state  such  systems  of  organs, 
at  any  rate,  as  arc  essential  for  a  free  and  independent 
existence.  It  thus  comes  about  that  in  spite  of  the  many 
causes  lending  to  produce  secondary  changes  in  larvne,  there 
is  always  a  better  chance  of  their  repeating,  in  an  unabbre- 
viated form,  their  ancestral  history  than  is  the  case  with 
embryos,  which  undergo  their  development  within  the  egg. 

It  may  be  further  noted  as  a  fact  which  favours  the  r«- 
lative  retention  by  larvsc  of  ancestral  characters,  that  a 
secondary  larval  stage  is  Ices  likely  Co  be  repeated  in  de- 
velopment than  an  ancestral  stage,  because  there  is  always 
a  strong  tendency  for  the  former,  which  is  a  secondarily  inter- 
calated  link  in  the  chain  of  development,  to  drop  out  by  the 
occurrence  of  a  rcpr.rAion  to  the  originnl  type  of  development. 

The  relative  chances  of  the  ancestral  history  being  pre- 
aerved  in  the  foetus  or  the  larva  may  be  summed  up  in  the 
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follovring  way :— There  is  a  greater  chance  of  Ihe  ancestral 
historj  being  lost  in  formR  which  dcvclup  in  the  egg ;  and 
masked  in  thoic  which  are  hatched  aa  lan-s:. 

The  eTidence  from  existing  forma  undoubtedly  confinns 
the  a  priori  considerations  just  urged.'  This  is  well  shown 
b]r  n  stady  of  the  devetopment  of  Bchtnodermata,  Nemertea, 
MoiUuca,  Crtutacea,  and  Tutticata.  The  free  Unte  of  the 
lour  first  groups  are  more  similar  amongst  themselves 
than  the  embryos  which  develop  directly^  and  since  this 
•imilarity  cannot  be  supposed  to  be  due  to  the  larvto  having 
been  modified  by  living  under  precisely  eimilar  conditions, 
it  must  be  due  to  their  retaining  common  ancestral  charac- 
ters. In  the  case  of  the  Tuntcata  the  free  larvte  retain 
much  more  completely  than  the  embryos  certain  characters 
which  are  known  to  have  been  ancestral. 

Types  of  Larrs, — Although  there  is  no  reason  to  suppose 
that  all  larval  forms  are  ancestral,  yet  it  seems  reasonable  to 
anticipate  that  a  certain  number  of  the  known  types  of  lame 
should  resemble  the  ancestors  of  the  more  important  phyla 
of  the  animal  kingdom. 

L    Before  examining  in  detail  the  claims  of  various  larvic  to 
lluch  a  character,  it  is  necessary  to  consider  somewhat  more 
at  length  the  kind  of  variations  which  are  most  likely  to 
occur  in  larval  forms. 

■  It  is  probable  a  priori  that  there  are  two  kinds  of  larval 
%niu,  which  may  be  distinguished  as  primary  and  secondary 
larval  forms.  Primary  larval  forms  are  more  or  less  modi- 
fied ancestral  formn,  which  have  continued  uninterruptedly 
to  develop  as  free  larvic  from  the  time  when  they  constituted 
the  adult  form  of  the  sjiecics.  Secondary  larval  forms  are 
those  which  have  become  introduced  into  the  ontogeny 
of  species,  the  young  of  which  were  originally  hatched  with 
■11  the  characters  of  the  adult ;  but  which,  owing  to  the  loss 
of  food-yolk  in  the  egg,  or  some  other  cause,  have  become 
hatched  at  an  earlier  period.  Such  secondary  larval  forms 
may  resemble  the  primary  larval  forms  in  cases  where  the 
ancestral  characters  were  retained  by  the  embryo  in  its  develop- 
ment within  the  egg;  but  in  other  instances  ihe  characters 
they  have  are  probably  entirely  adaptive. 

>  It  hu  longbecoknoirn  that  land  and  frcshnater  rormii  derclop  without 
a  mebanorpbosts  nuoh  moro  frcijucuily  iLnii  niarina  forina.  TdIs  is  pro- 
bably to  ba  BXpbiaed  bj  the  Tact  liiat  Lliere  U  uut  the  uoie  potaibllit;  of 
a  laod  or  freshwater  9p«cie9  cxl«D(iu)(;  itself  over  a  wide  area  by  tfao  a^ncy 
of  free  larva,  and  there  is,  thcrefure,  mucli  k-as  adnmtagQ  intbe  eiisteiicetif 
andiLarTiB;  vUle  the  fart  cf  !iii>clilftn-a:  bcin^  more  liable  to  lit  prejcd  uikmi 
than  e^p.  vkidi  are  either  ooDcealed  or  carried  abuut  bj  the  pareat.  uighl 
reixder  it  absolutely  A\aAnDlagto\ii  (or  a  specica  to  Uave  &w;V\kntt, 
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Cauae$  tending  to  produce  itcondaty  changfit  in  hrcte. — 
The  ways  in  which  natural  BelecUon  can  act  on  \tartt  mty 
probably  bo  divided  more  or  less  artificially  into  two  classes. 

1.  The  changes  in  development  necessarily  ptocluced  by 
the  existence  of  n  larval  stage. 

&.  The  adaptive  chaogea  in  a  larva  acquired  in  the  ordi' 
nary  course  of  the  struggle  for  existence. 

The  changes  which  come  under  the  first  head  consiat 
eiscntially  iu  a  displacement  in  the  order  of  deve- 
lopment of  certain  organs.  There  is  always  a  tendency  in 
development  to  throw  back  the  differentiation  of  the  embry- 
onic cells  into  definite  tissues  till  as  late  a  date  as  possible. 
This  takes  place  in  order  to  enable  the  changes  of  form, 
which  every  organ  undergoes  in  repeating  even  in  an  abbre- 
Tiated  way  its  phylogenctic  history,  to  be  effected  with  the 
least  expenditure  of  energy.  Owing  to  this  tendency  it 
comes  about  that  when  an  organism  is  hatched  as  a  larva 
many  of  the  organs  are  still  in  an  undifferentiated  state, 
although  the  ancestral  form  which  this  larva  represent* 
had  all  its  organs  fully  differentiated.  In  order,  however, 
that  the  krva  may  be  enabled  to  exist  as  an  independent 
organism  certain  sets  of  organs,  e.^r.  the  muscular,  nerroos, 
and  digestive  systemf^,  have  to  be  histologically  differentiated. 
If  the  period  of  hatching  becomes  earlier,  nn  earlier  differen- 
tiation of  certain  organs  is  a  necessary  consequence;  and  la 
almost  all  cases  the  existence  of  a  larval  stage  causes  s 
displacement  in  order  of  development  of  organs,  the  com- 
plete differentiation  of  many  organs  being  retarded  relatively 
to  the  muscular,  nervous,  and  digestive  systems. 

The  possible  changes  uTider  the  second  head  appear  to 
be  unlimited.  There  h,  so  far  as  I  see,  uo  possible  reason 
why  an  indeBnite  number  of  organs  should  not  be  developed 
in  larvae  to  protect  them  from  their  enemies,  and  to  enable 
thorn  to  compete  with  larva:  of  other  epeciies,  and  so  on.  The 
only  limit  to  such  development  appears  to  be  the  shortness  of 
larval  life,  which  is  not  likely  to  be  prolonged,  since,  ceterU 
paribm,  the  more  quickly  maturity  is  reached  the  better  it  is 
for  the  species. 

A  very  supprficial  eiiamination  of  marine  larvsp  shows  thit 
there  are  certain  peculiarities  common  to  most  of  thctiij  and 
it  is  important  to  determine  how  far  such  peculiarities  are  to 
he  regarded  as  adaptive.  Almost  all  marine  larvse  are  provided 
with  well-developed  organs  of  locomotion,  and  transparent 
bodies.  These  two  features  are  prociecly  those  which  it 
is  most  essential  for  such  larvie  to  have.  Organs  of  locomo- 
tion are  important,  in  oiiAer  t\i%t  \uvsc  ma^  be  scattered  as 
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[vridely  as  possible,  aud  so  disseminate  the  species;  and  trans- 

fiarency  is  very  important  in  rendering  lar%'fic  invisible,  aud  so 
c&s  Liable  to  be  preyed  upou  by  their  numerous  eDCiniot.' 
These  considerations,  coupled  with  the  fact  that  almost 
all  free-8wimming  animals,  which  hare  not  other  special 
means  of  protection,  are  trau»i)arent,  seem  to  show  thai,  at 
all  events,  the  transparency  of  larvx  in  adaptive,  and  it  is 
probable  that  organs  of  locomotion  are  iQ  many  cases 
!  specially  derelopcd,  and  not  ancestral. 

Various  spinous  processes  on  the  larvm  of  Crustacea  and 
Tekostei  are  also  examples  of  secondarily  acquired  protective 

Theae  general  considerations  are  sufCicient  to  form  a  basis 
for  the  ducussion  of  the  characters  of  the  known  types  of 
larvEB. 

The  following  table  contains  a  list  of  the  more  important 
of  such  larval  forme : 

Vlcxzjto>M.—TiM  iDfuioriform  larra. 

PoamaA^d)  The  Aoipkiblutda  lorra  (6g.  l),witli  one  half  of  the 
body  cilialvd.  ud  tbe  Otber  hair  vithout  cilia ;  {i)  the  oral  uniforniLy 
ciliated  Iutb,  which  may  tw  eiLhcr  solid  or  hare  the  TorDi  of  a  vt-ftiolc 

CttX£5ita4JA.— The  planuU  (lig-  2). 

TujtSELLUUA. — (a)  The  eigbL-tobcd  larva,  of  Miillec  (Og.  Q);  (A)  the 
larVB  of  Ooltc  iiul  Metschnikoff,  wilti  tome  Pilidiuin  cborocten.^ 

NiHERTXi.— The  Pilidlam  (&g.  a). 

TatiiAroDA. — Tilt  CcrGaria. 

Botifma. — The  TrocLo<iphcre<likc  lame  of  Bracliiouui  {6g.  S)  and 
LftcinnUria. 

MoixcscA.^Tbe  Trocliospbcrc  htrva  (6g.  4),  and  the  aabscquent  Veltger 
-    (flg.S). 

__uciUOroiiA.-^Ttie  Uiree-lobed  Larva,  with  a  poitorxl  riug  of  cilia  {Gg.  6). 

?btrzoA. — A  larval  form  with  a  single  ciliatod  rin^  surroan(iing  th« 
moutlt.  utd  IB  abond  cIlUtc4  Hug  or  dice  (fig.  15). 

CHitoroDA. — Varions  larva]  forma  with  ranuy  cbaroctcra  like  tlio»e  of 
MoUoscui '^oehocphcrefrcqiicntl;  with  (liilitict  truuaveiie  bamlt  of  cilin. 
They  are  olasaified  an  AtrocLi:.  Mesotracbic,  TclotrocIuD  (lig.  li  a  and  fig. 
ISL  Potjiroctii^  and  Uanotrocbx  (lig.  12  u). 

PitaaA  Kpda. — Larval   foriiw   like  those  of  preceding  gronps.     A. 
lUy  obaraotcriitio  Urva  is  Umt  of  Echiuras  (fig.  14). 
EParuu  TuBlcoLA,— Acliiiotroclia  (Gg.  17);  with  a  poatoral  oilinled 
nog  of  anna. 

MiaumDA-^A  fuflctioaally  heiapodoua  larval  form  is  oodudob  to  aU 
the  Chilopiatha. 

IssECTA.— Various  sccondar;  larval  forais. 

CavrrACEA. — The  Nauplius  aiid  the  Zosj). 

Eomx»f.siiiTA. — Tlii^  Atiriculnrta  (fig.  10  a),  tbe  Bipinnaria  (fig.  10  it], 
and  the  Flateus  (&g.  11),  aiid  th«  tramrencly-rtnged  larvjc  of  Crtooidea 


■  The  pbMpboresceDCC  of  ntanj  Inrra*  is  very  peculiar.  I  should  hnvc 
BDttcipatcd  ihat  pbosphoreiceiice  would  Lave  reoaered  them  much  mora 
liable  to  bo  captarcd  djt  the  forma  vrliich  feed  upon  them ;  and  il  it  dillkiilt 
to  see  of  what  adYiDtagc  U  can  he  to  them. 
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(fig.  7).  TLe  AuriculuU,  tbe  BipianArk,  tud  Uw  Fiutco*  eta  be  ceduoed 
to  h  commrm  type  (fig.  IS  c) 

EMsaoFXEUiu.— Tomui*  (fig.  IC]. 

Lbochobha  (Tvsicaia).— Tbe  Udpole-Uke  Urr*. 

GjixoiDEA.— A  Urfi  with  uUtuire  <1Lk  witb  ptpillK  in  boot  of  tht 
moutli. 

AxuBOus  AurinBU. — The  tadpole. 

Of  the  larval  forms  iucluded  in  the  abov«  list  r  certain 
number  are  clearly  without  affinities  outside  the  fpvup  to 
which  they  belong-  This  ie  the  case  with  the  Inrrsc  of  the 
Myriapoda,  the  Crustiiceau  lurvic,  and  with  the  Ur%-al  fornu 
of  the  Chordata.  1  do  not  propose  to  discuss  the  significance 
of  these  forms  in  the  preacnt  essay. 
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Flfi.  \.^T»o  free  Siaget  im  tie  rteKflapwifmt  o/Sfcandra  raphamt.  (Aftff 
SchuUzi:.)  A.  Atnplithlulalc  stage.  B.  Stage  aTtcr  the  ciliated  ceU> 
bare  coiiimeacfd  to  be  itivn  ^inntcd.  rj).  scgmcntnlioii  cavity ;  tt, 
granul&r  epibl&st  oeLls;  en,  cilmLcd  hypoblast  cells. 


There 
turn  out 


arc,  again,  some  lan-al  forms  which  may  possibly 
hereafter  to  be  of  importance,  but  from  which,  in 
the  present  state  of  our  knowledge,  we  cnnnot  draw  any 
conclusionE.  The  infusoriform  larva  of  the  Dieyemidte,  and 
the  Cercaria  of  the  Trematodes  are  such  forms. 

The  meaning  of  the  Amphiblastula  larva  was  discussed 
in  a  previous  esaay, 

Kxcluding  these  and  certain  other  forms,  we  have  finally 
left  for  consideration  the  larvae  of  the  Coelenterata,  the  Tur- 
bellaria,  the  Rotifera,  theNemertea  the  Mcllusca,  the  Polyxoa, 
the  Brachiopoda,  the  Chretopoda,  the  Gephyrea,  the  Echino* 
dermata,  and  the  EnteropneusCa. 

The  larva)  of  these  form"  can.  be  divided  into  two  groups, 


A 
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The  one  group  coiiUiiik  the  larva  of  \\iv  CoeWnterala  or 
I'lanula^  itie  other  grou|>  tht*  larvic  of  all  tlie  othpr  forma. 


j  Tio.  2.— Mnv  Urral  Staga  of  F.ueope  P^fytlyta.     (After  Eo^alcvsky. 
A.  filutopticre  stage  wita  liypoblnst  sphnrcB  bccomiox  budded  into 
the  oeatcil  otTitf.    B.  PlanaUstn^e  wiUisoKd  hypoblast.    C,  PUnu]& 
•Uflci^tb  ft  gutric  caritj.    17).  cpJblMt ;   ^  bypobtast;   al.  gtatnt 

Tbe  PUnula  (fig.  !3)  ia  characterised  by  its  extreme 
simplicity.  It  is  a  two  layered  organiem,  with  a  form  vary- 
ing from  cylindrical  to  oval,  and  usually  a  radial  symmetry. 
So  long  as  it  remain?  free  it  is  not  even  provided  with  a 
mouth,  and  it  is  as  yet  uncertain  whether  or  no  the  absence 
of  a  mouiK  is  to  be  reyiinled  as  un  iini-estra)  character. 
Tlie  Planuln  is  very  probably  the  ancestral  form  of  the 
L'telenCerata. 

The  lanrsB  of  almost  nil  the  other  groups,  although  they 
may  be  subdivided  into  a  series  of  very  distinct  types,  yet 
iigree  in  the  possession  of  certain  characters.^  There  is  a 
more  or  less  dome-shaped  dorsal  surface  and  a  flattened  or 
concave  ventral  surface,  containing  the  opening  of  the 
mouth,  and  usually  exteadiug  posteriorly  to  the  opening  of 
the  anus,  when  such  is  present. 

The  dorsal  dome  is  continued  in  front  of  the  mouth  to 
form  a  large  pravral  hbe. 

There  is  usually  present  at  first  a  nnifonn  covering  of 
cilia  i  but  in  the  later  larval  stngcs  there  are  almost  always 
formed  definite  bands  or  rings  of  long  cilia,  by  which  loco- 

'  The  Urra  of  the  Braduopada  decs  not  possess  ninst  nf  the  chAracteri 
nieniioued  bckiw.  It  it  probably  iiU  tliv  same,  a  Uigbljr  difTcreutiatud  Urra] 
furni  belODging  to  this  gjoap. 
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motion  is  eSectcJ.    These  Imnds  nre  often  produced  into 
ftrm-like  processes. 


FlO.  S.— fiiAwtf  ef  SraeAioHut  iirtwhri$,  ikoHlf  l^/brv  it  m  kateied. 
(AfTet  Sxtcnsli;.)  m.  mouth;  «f.  mulicatorf  npp*nl»t ;  nw.  nmcdi' 
tecoB;  01*.  anus;  /</.  lutctol  gl&nd:  «r.  ovurT;  /.  Uil, /.«.  foot ;  ^. 
trocbaJ  di>c;  tg-  aupra-rEsophftgeal  ginglion. 

The  alimentary  canal  has,  typically,  the  form  of  a  bent 
tube  with  a  ventral  concavity,  constitutcil  (when  an  anus  i» 
present)  of  three  sections,  viz.  an  (Psophagus,  a  stomach,  and 


lie.  i,— Diagram  nf  a»  Finiiyo  of  Plfaroii'ancAitliiim,  (From  Laokcsln.} 
/  foot;  ot.  otocyst;  m,  moutii;  r.  vetum;  ng,  netTc  gaagiiai; 
ry.  residual  yulk  sfibcres  i  iAt,  ebcU-gland ;  r.  inlcsluie. 

a   rectam.    The   oesophagus   and  rectum  are  cpiblasiic  in 
nri^n,  while  the  stomach  is  derived  from  tho  hypoblast. 
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To  the  sbore  characters  may  b«  added  a  glass-like  traoi- 
parcncj  ;  and  the  presence  of  a  widish  space,  often  tnmMd 
by  contractile  cells,  between  the  alimentary  tract  and  the 
body  walL 

Conaidrring  the  very  profound  differences  which  exict 
between  many  of  thfse  latrie  it  may  seem  that  the  characters 
juat  emunerated  are  hardly  sufficient  to  justify  my  p'ouping 
of  them^  together.  It  is,  however,  to  be  borne  in  mind  that 
my  grounds  for  doing  so  depend  quite  as  much  upon  the  fact 

A  B  r 


Fig.  S.— £ars«  tf  Cfpi*fapton»w  Xo'tutea  m  the  veli^  itaffe.  (ftom 
Geraibmr.)  A.  aM  B.  Earlier  Mad  Utcr  »t*gt  <rf  Gaaterapod. 
C.  rloopoa  (CjinWia).  t.  rdoin  ;  e.  shell ;  p.  foot ;  op.  opcrcdnm ; 
I.  leBladc 

that  they  constitute  a  series  withoat  any  great  breaks  in  it, 
as  upon  the  existence  of  characters  common  to  the  whole  of 
ihem.     It  is  also  worth  noting  that  most  of  the  characters 
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,Fia.  d.— Zcrtw   ^ 


'    Jrficfc,      (From    Grfntabtitr,    sficr    Kovalen^.l 
m,  luatlc ;  b.  Mtc  :  -*       '  -qteran. 
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the  exUtcoce  of  ciliated  bands  may  be  so  alM ;  but  it  ia 
more  probable  that  if^  as  T  suppose,  these  larvs  reproduce 
the  characters  of  some  ancestral  form,  this  form  may  have 
existed  at  a  time  when  all  marine  animals  were  fiee-sn-im- 
ming,  and  that  it  majr,  therefore,  hare  been  provided  with 
at  least  one  ciliated  band. 

The  detailed  consideration  of  the  chanicters  of  these 
lame,  given  below,  supports  thie  %iew. 

Thia  great  class  of  larra:  may,  as  already  stated,  be  divided 
into  a  Kiies  of  minor  subdivisions.  Tlie>^  subdivisions  nro 
the  following : 

1.  Tbb  PiLiDirM  Gmotrp. — This  group  is  characterised 
by  the  mouth  being  situated  nearly  in  the  centre  of  the 
ventm!  surface,  ana  by  the  absence  of  a  proctodeoum.  It 
includes  the  Pilidium  of  the  Nemertines  (tig.  8),  and  the 
various  lame  of  marint^  DenilrocwU  (Bg.  9).  At  the  apex  of 
the  pneoral  lobe  a  thickening  of  epiblast  may  be  present, 
from  which  (fig.  19)  a  contractile  cord  sometimes  passes  to 
the  (jtsophagus. 


Fto  S.—Tieo  Sfa^i  in  the  dtottofmmt  of  PUidinm.  (After  MutachaikofT.) 
ae.  arcLenteiou ;  oe.  ccMph^aa ;  it.  stomwb  ;  am.  amoioti ;  j/rj,  pro* 
stonisl  disc  -,  po.i.  tnetastomisl  disc ;  e.t,  cephalic  mcIc. 

2.  The  EcHiNODERM  Orocp. — This  group(fig8. 10, 11,  and 
18  c)i9characterisedbythe  presence  of  a  longitudinal  postoral 
band  of  cilia,  the  absence  of  special  vense  oigano  in  the  pneoral 
region,  and  the  development  of  the  body-cavity  as  an  out- 
growth of  the  alimentary  tract.  The  three  typical  divisions 
of  the  alimentary  tract  are  present,  and  there  is  a  more 
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or  lew  devclop«fl  pricoral  lobe.  This  group  only  mclo^ef 
the  lanre  of  the  Kcbinodermata. 

S.  The  Trothospherk  Ghoup, — This  group  (figs.  12,lSj 
is  charactcriBcd  by  the  presence  of  a  pneoral  riug  of  long 
cilia,  the  reg:ion  in  front  of  which  formi  a  great  part  of  the 
pneoral  lobe.  The  mouth  opens  immediaeely  behind  the 
prseoral  ring  of  cilia,  and  there  is  very  often  a  eecoad  ring  of 
short  cilia  parallel  to  the  main  ring,  immedtHtcly  behind  the 
mouth.  The  function  of  the  rine  of  short  cilia  is  nutritive, 
in  that  the  cilia  are  employed  in  oringing  foud  to  the  mouth; 
while  the  funrrtiou  of  the  main  ring  is  locomotive.  A  peri- 
anal patch  or  ring  of  cilia  is  oflen  present  (fig.  1£  a),  and  in 
many  forms  intermediate  rings  are  developed  betwem  the 
prajoral  and  perianal  rings. 

The  prajoral  lobe  is  usually  the  seat  of  a  special  thicken- 
ing of  epiblaat,  which  gives  rise  to  the  flupra*oe«ophagea1 
•  A. 


y^m. 


Fio.  9.— A.  larw  •>/  SuryUpla  tntrtf^iata  immtdialetg  after  kate^. 
fiaetd/fcm  th(  tiJc.  (.ifLcr  >lule«.)  m.  moulh.  B.  MtHltrr't  Tm- 
bellarittit  Larca  {probably  Thytanoioon).  Vineed  /nm  the  temfrtl 
nr/ate.  (AJIet  Mtlller.)  The  ciliated  baud  is  repreMnled  by  Uv 
black  line.    m.  tnontb  ;  ■>./.  ii|>pet  tin. 

ganglion  of  the  adult.  On  this  lobe  optic  organs  are  very 
often  developed  in  conneotion  with  the  supra-oesophageVl 
ganglioHj  and  a  contractile  band  frequently  passes  from  lhi» 
region  to  the  oesophagus. 

The  alimentary  tract  is  formed  of  the  three  typical 
divisions. 

The  body-cavity  does  not  develop  dirBctly  as  an  outgrowth 
of  the  alimentary  tract,  though  the  process  by  which  it 
originates  is  very  probably  secondarily  modified  from  « 
pair  of  alimentary  outgrowths. 
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Paired  excretory  m^ns  opening  to  the  exterior  and  into 
the  body  cairity  are  often  present. 


.te 


fc. 


Fis.  10.— A.  7%t  Ikd»  of  a  Bohtkurdut.    B.  Tie  tana  0/ an  Atteriai. 

m.  mcrath ;  1/.  stomacK ;  a.  uus ;    U.  primitive  longitudinal  ciliated 
band ;  pr.c,  pneoral  eiliftted  band. 

This  type  of  Urra  is  found  in  the  Kotifera  ( fii;.  3)  (where  it 
is  preserved  in  the  aduk  8iat«],the  Chrctopoda,  the  Mollusca 
(fig.  4),  the  Gephyrca  nuda  (fig.  14J,  and  the  Folyzoa 
(fig.  15).' 

4.  ToRNAKU. — Thia  larva  (fig.  16)  is  intermediate  ia 
most  of  its  characters  between  the  larrse  of  the  Txhinoder* 
mata  (more  especially  the  Bipinnaria)  and  the  Trochosphcrc. 
It  agrees  nitli  Echiuoderm  )arva>  in  the  pof^se^sion  of  a 
longitudinal  ciliated  band  Cilivided  into  a  priDoral  and  a 
postoral  ring),  and  in  the  derivation  of  the  body-cavity  and 
vrater-rascular  vesicle  from  alimentary  diverticula;  and  it 
resembles  the  Trochosphere  in  the  presence  of  Eensc  organs 


J.  11. — jt  Ltnt  «/  Sinm^fl-jrenlrtu.  (From  Agaasii.)  n.  moutb  ;  a, 
BOtts;  0.  asopbtgns;  ^.  stomadi;  <;.  iDtcstino;  v'.  and  f.  ciliated 
rid|^ ;  w.  vater-TaiciUar  tube ;  r.  calcaie«us  rods. 

■  For  a  diietnsioii  as  to  the  iCructnni  of    the   PoIjzood   larra,  vide 
'  A  Treatise  oa  CompNratire  Embryology/  vol.  i,  p.  i^'S. 
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on  the  prEcoral  lobe,  in  the  existence  of  a  perianal  ring 
cilia,  and  in   the  [lossession  of  a  contractile  band  passing 
from  the  pncoral  lobe  to  the  ocsophaj^s. 

&.  AcTii^OTROCHA. — The  remarkable  larva  of  Phoroni*, 
(fig.  17)  known  as  Actinotrocha.  is  characterised  by  Che 
presence  of  (1)  a  postoral  and  somewhat  longitudinal  ciliated 
ring  produced  into  tentacles,  and  (2)  a  perianal  ring.  It 
is  provided  with  a  prieoral  lobe,  and  a  terminal  or  some- 
what dorsal  anna. 

6.  The  larva  of  the  Drachiopoda  ariiculala  (fig.  6). 

The  relationships  of  the  six  types  of  larval  forms  just 
characterised  have  been  the  subject  of  a  considerable 
amount  of  controversy,  and  the  following  suggestions  on 
the  subject  must  be  viewed  as  somewhat  speculutive.  The 
Pilidium  type  of  larva  is  in  some  important  reep^H^ts  less 
highly  differentiated  than  the  larvte  of  the  iive  other  groupf. 
It  is,  in  the  first  place,  without  an  anus ;  and  there  are  do 
grounds  for  supposing  that  the  anus  has  become  lost  by 
retrogressive  changes.  If  for  the  moment  it  is  granted  that 
the  Pilidium  laiva  represents  more  nearly  than  the  larvz  of 
the  other  groups  the  ancestral  type  of  larva,  what  characten 
arc  we  led  to  assign  to  the  ancestral  form  which  this  larra 
repeats  I 

A 


4f 


Tig,  is. — tioo  C^atc/ixd  Larra.    (From  Gegc-ubaur.)    o.  mouth;  i.  into* 
tiae;  a.  anus;  «'■  jvra-oral  oilislciJ  bud  ;  v.  pflrianal  dJinted  baad. 

In  the  first  place,  this  ancestral  form,  of  which  fig.  18  a  is 
an  ideal  lepresi^ntation,  would  appear  to  have  had  a  dome- 
shaped  body,  with  a  fiattened  oral  surface  and  a  rounded 
abotal  surface.  Its  symmetry  was  radial,  and  in  the  centre 
of  the  flattened  oral  surface  was  pliicfd  the  mouth,  and  round 
its  edge  was  a  riog  of  cilia.  The  passage  of  a  Pilidium- 
like  larva  into  the  vermiform  bilateral  PlaLyelminth  form, 
and  therefore  it  may  be  presumed  of  the  ancestral  form  which 
this  larva  repeats,  is  efiected  by  the  larva  becoming  more 
elongated,  and  by  the  region  between   the  mouth  and  one 
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of  the  body    becoming   the   pnroral  region,  and  that 
iTe«n  the  mouth  and  the  oppotite  end  developing  into 


ly—FofyffOrJiM  Larra.  (Aflrr  nAtflcbekO  M-mautb;  ^.  tuprt- 
laopbageu  gaogUoii.  npi.  iwpiindion ;  mi.p.  neeoblutto  bud; 
an.  uoi ;  of.  stinaiacb. 

trunk,  an  anus   becoming  placed  at  the  extremity  of 

trunk  in  the  higher  forms. 

[f  what  has  been  so  far  postulated  is  correct,  it  is  clear 
I  this  primitive  larval  form  bears  a  very  close  resemblance 
I  simpHGed  free-swimming  Coelen terate  ( Medusa),  and  that 
t  conversion  of  such  a  radiate  form  into  the  bilatotal 
k  place^  not  by  the  elongation  of  the  aboral  surface,  and 
f  formatioa  of  an  anus  there,  but  by  the  unequal  elonga- 
D  of  the  oral  face,  an  anterior  part  forming  a  prtcornl 
e,  and  a  poftterior  part  the  trunk ;  while  the  aboral 
face  became  the  dorsal  surface. 
rbifl  view  fits  in  very  irell  with  the  anatomical  rescm- 


;  H.—Un»  o/"  BeAtimu.     (After  Siilcu»k/.)     jw.  raonth  ;    an.  utus 
ig.  supra-iXAOphageal  gHiigtion  (?}. 

Dce«  between  the  Cffilenleratn  and  the  Turbellaria,'  and 

Fiiie  •  A  Tmtiae  on  Compfcratiirr  Rmbrjologj,'  vol.  i.  p.  1  ij  ud  US 
bit  eonnccliou  atteutiou  maj  be  called  to  OiUoplana  MttKhmUgwei^ 
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ahows,  if  true,  thAt  tfa«  ventral  and  median  po«iii(n  of  Uu 
mouth  io  many  TarbelUria  u  the  primitive  one. 

The  above  flug^stion  m  to  the  mode  of  passage  from  the 
radiate  into  the  bilaternl  form  differs  enlircly  from  t  hat 
usually  held.  Lankester/  for  instance,  gives  the  follow  log 
acoouDt  of  this  passage : 


«/. 


fie.  15.— ilu^dw  ^  a   Larea  of  tie  Potvtoa.     m,  mooUi;    an.  amu 
(/.  stomach  v  *■  ciliated  di»c. 

"  It  has  been  recognised  by  various  writers,  but  notably 

by   Gegenbaur  and  Haeckcl,  that  a  condition  of  radiate 

vBymmetry  must  have  preceded  the  condition   of  bilateral 

rmmetry  in  animal  evolution.      The  Diblastula  may  be 

conceived  to  have  been  at  first  absolutely  spherical  with 
spherical  symmetry.  The  establiehmcut  of  a  mouth  lead 
necessarily  to  the  establishment  of  a  structural  axis  passing 
through  the  mouth,  around  which  axis  the  body  was 
arranged  with  radial  s^'nimetry.  This  coudition  is  more  or 
less  perfectly  maintained  by  many  Ccslenteratea,  and  is 
teassumed  by  degradation  of  higher  forms  (Echinodenns, 
some  Cirrhipedes,  some  Tunicates),  The  next  step  is  the 
differentiation  of  an  upper  and  a  lower  surface  in  relation  to 
the  horizontal  position,  with  raouth  placed  anteriorly, 
assumed  by  the  organism  in  locomotion.  \Vith  the  differ* 
entiation  of  superior  and  inferior  surface,  a  right  and  a  leA 
side,  complimentary  one  to  the  other,  are  necessarily  also 
differentiated.  Thus  the  organism  becomes  bilaterally 
symmetrical.  The  Coclentera  arc  not  wanting  in  iiidicationa 
of  this  bilateral  symmetry,  but  for  all  other  higher  group 
of  animals  it  is  a  fundamental  character.  Probably  the 
development  of  a  region  in  front  of,  and  dorsal  to  the  mouth, 
forming  the  Prostomittm,  was  accomplished  ^ori/Jtwfw  with 
the  development  of  bilateral  symmetry.     In  the  radially 

a  form  described  by  KowalcTsky,  '  ZoologiacliBr  Anaeijrer,'  No.  S3,  p,  110, 
as  beiDg  inlermcdinte  between  tlie  Cteuopliora  &ai  tlie  f  urbelliu-ia.  There 
does  not,  liowcrcr,  appcAr  ia  nic  to  be  auilicicDt  cvidcDCe  to  prove  that  tli» 
form  is  not  merely  a  creeping,'  CteuopUor. 

'■  'Quart.  Journ.  of  ilicr.  Scieace,'  vol.  xvii,  pp.  iii'S. 
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sTrntnetjical  Coelentera  we  Kud  very  commonly  a  series  of 
lobe*  of  the  bodjr-wall  ot  tentacles  produced  equally — wUli 


j» 


if" 


I 
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Flo.  ]ft.— 2Vo  Siagei  i»  the  d«cti<ipm«nt  of  T<tr»aria.  (After  MetftcliDikolT.) 
Hw  bbck  line*  represent  tlic  ciliated  buiiJii.  n.  mouth ;  tm.  uuub  ; 
if.  bnaeUal  deft ;  kt.  beut ;  e.  bodj-cavit;  botwcea  »|tlaiichnic  aud 
Minalic  metoblut  Ujen  ;  k.  ao-Okllea  mtcr-vascnlar  reside ;  c.  Gir> 
eular  blood'Tfiseel. 

radial  symmetry,  that  is  to  say — hU  round  the  mouth,  the 
mouth  teiniioatiag  the  main  axia  of  the  tody — that  is  to  say, 
the  organistn  being  '  telostomiate.'  The  later  fiindamentnl 
form,common  to  all  animals  above  the  Ccelentcra,  is  attained 
by  shiAiDg  what  was  the  main  axis  of  the  body — so  that  it 
may  be  described  now  as  the  'enteric*  axis;  whilst  (he 
new  main  axis,  that  parallel  with  the  plane  of  progression, 
paasM  through  the  dorsal  rejjion  of  the  body  running  ob- 
liquely in  relation  to  the  enteric  axis.  Only  one  lobe  or 
outgrowth  of  those  radially  disposed  in  the  telostomiate 
organisms  now  persists.  This  lobe  lies  dorsally  to  the 
mouth,  and  through  it  runs  the  new  main  axis.  This  lobe 
is  the  Prostomium,  and  all  the  organisms  which  thus 
develop  a  new  main  axis,  oblique  to  the  old  main  axis,  may 
be  called  pro»tomiate." 

It  will  be  seen  from  this  (luotation  that  the  ahoral  part  of 
the  body  is  supposed  to  elongate  to  form  the  trunk,  while  the 
prteoral  region  is  derived  from  one  of  the  tentacles. 
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Before  proceeOing  to  furthor  considerations  a«  to  the  origin 
of  the  Bilateralia,  suggested  by  the  Pilidium  type  of  Ian 


Fia.  17. •^Jetinotroe^. 


(Ariet  iietscbiukciir.l 


iw.  mouLb  ;  aa.  anui. 


it  is  necessary  to  enter  into  a  more  dctJilled  comparison  be- 
tween our  larval  forms. 

A  ver}'  superficial  consideration  of  the  characters  of  these 
forms  brings  to  light  two  important  features  in  which  th«y 
differ r  viz.  : 

(1)  In  the  presence  or  absence  of  sense  organs  on  ih* 
prseoral  lobe. 

(2)  In  the  presence  or  aUence  of  outgrowths  from  the 
alimentary  tract  to  form  the  body^cavity. 

The  larva  of  the  Echinodcrraata  and  (?)  Actinotrocha  an 
without  sense  organs  in  the  pra>oral  lobe,  while  (he  other 
types  of  larva;  arc  provided  with  them.  Alimentary  divcrticol* 
arc  characteristic  of  the  larvtc  of  the  Ecbinodermata  and  (rf 
Tornaria. 

If  the  conclut^ion  already  arrived  at,  to  the  effect  that  tbs 
prototype  of  the  si^t  larval  groups  was  descended  from  s 
radiate  ancestor,  is  correct,  it  appears  to  follow  that  the 
nervous  system,  in  bo  far  as  it  was  differentiated,  had  primi* 
tively  a  radiate  form,  and  it  is  also  probably  true  that  thcie 
were  alimentary  diverticula  in  the  form  of  radial  canals,  tm 
of  which  may  have  given  origin  to  the  paired  diverticuls 
which  become  the  body-cavity  in  such  types  as  the  Echino- 
dcrraata. If  these  two  points  are  granted,  the  further  con* 
elusions  seem  to  follow — (1)  that  the  ganglion  and  sense 
organs  of  the  prieoral  lohe  were  secondary  structures  whicb 
arose  (perhaps  as  differentiations  of  the  original  circular 
nerve-nng)  after  the  assumption  of  a  bilateral  form ;  and  {t) 
that  the  absence  of  these  organs  in  the  larvae  of  the  £chi]U>> 
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dennata^and  Actinotrocha  (?),  implies  ihat  these  Urncroiain, 
so  far,  more  primitive  characters  than  the  l*ilidimn.  Th« 
came  may  be  &aid  of  the  alimmitary  diverticula.     There  are 
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['Pic.  1 S,— Wrw  Diegnwu  rff^ttnfing  lh«  ideal  Fvelntiox  of  variovt  Larval 
/ortu.  A.  Icleal  anceatnl  larrsl  font).  B.  Trocbospherc  lura, 
C.  SAiaodenu  larva,  h.  mouth :  ^w.  anua  ;  tl.  stomach ;  t.v.  supra* 
dMOpbagDol  ganglion.    The  btock  lines  represent  the  ciliated  bnuds. 

Ibufl  indications  that  in  Itro  important  points  the  Kchioo- 
dcrm  larvK  are  more  primitive  thnn  the  I'ltidium. 

The  above  conclusions,  with  reference  to  the  Pilidium  and 
Ecbinoderms,  involve  some  not  inconsiderable  difficulties,  and 
suggest  certain  points  for  further  discussion. 

In  the  first  place  it  is  to  be  noted  that  the  above  specu- 
lations render  it  probahle  that  the  type  of  nervous  eystetn 
from  which  that  fuund  iu  the  adults  of  the  Echiuodermata, 
Platyelminlhes,  Cha:lQuoda,  Molluscs,  &c.,  is  derived,  was  a 
circumoral  ring,  like  that  of  Mcdusse,  with  which  radially 
arranged  sense  organs  may  have  been  connected ;  and  that  iit 
the  Echinodcrmau  Mis  /orm  of  nerrovs  system  has  heen 
retained,  vthWe  in  \\\v  other  types  it  has  been  modified  by  the 
anterior  part,  having  given  rise  Co  aupra-cosophageal  ganglia 
and  organs  of  vision;  which  were  formed  owing  to  the  assump- 
tioQ  of  a  bilateral  symmetry,  and  the  conser^uent  necessity  for 
the  aense  organs  to  be  situated  at  the  anterior  end  oF  the  body. 
If  this  view  ia  correct,  the  question  arises  as  to  how  far  the 
posterior  part  of  the  nervous  system  of  the  Bilateralia  can 
be  regarded  as  du-rivcd  from  the  primitive  radiiil  ring. 

A  circumoral  nerve-ring,  if  longitudinally  extended,  might 
give  rise  to  a  pair  of  nerve-cords  united  in  front  and  behiud— 
exactly  such  a  nervous  system,  in  fact,  as  is  presc 
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many  Xemertines'  (the  EnopU  nn^  PelngonetnorMi),  in 
Peripalue,*  and  in  primitive  moUuflcan  types  (C'bitoD,  Fi»- 
•urefu,  &c.]-  From  the  lateral  parts  of  iJiis  ring  ii  ie  easy 
to  derive  the  ventral  cord  of  the  Cheetopoda  and  Arthro. 
poda.  It  is  especially  deserving  of  notice,  in  connectioD 
with  the  nerrous  system  of  Nemertinee  and  Peripatus,  that 
the  commissure  connecting  the  two  nerve-corda  behind  is 
placed  on  the  Horsal  side  of  the  intestine.  Ae  is  at  once 
ob\-iou8,  by  referring  to  the  diaffram  (6j{.  18),  this  is  the 
position  this  commissure  ought,  undoubtedly,  to  occupy  if 
derived  from  pact  of  a  neive>ring  which  originally  foUovred 
more  or  less  closely  the  ciliated  edge  of  the  body  of  the 
supposed  radial  ancestor. 

The  fact  of  this  arrangement  of  the  nervous  system  beiog 
found  in  bo  primitive  a  type  as  the  Nemcrtines  tends  to 
establish  the  vicirs  for  vhich  I  nm  arguing  ;  the  absence  or 
imperfect  development  of  the  two  longitudinal  cords  in  Tut- 
bellarians  may  verv  probably  be  due  to  the  posterior  part  of 
the  nerve-ring  having  atrophied  in  this  group. 

It  is  by  no  means  certain  that  this  amngement  of  the 
nervous  system  in  some  Mollusca  and  in  Peripatus  is  primi- 
tive, though  very  probably  it  may  be  so. 

In  the  larvfc  of  the  Turbellaria  the  development  of  setue 
organs  in  the  piocoral  region  is  very  clear  (fig.  9  b)  ;  but  this 
is  by  no  means  so  clear  in  the  case  of  the  true  Pilidium- 
There  is  in  Pilidium  (fig.  19  a)  a  thickening  of  epiblasi 
at  the  summit  of  the  dorsal  dome,  which  might  seen, 
from  the  analogy  of  Mitraria,  &c.  (6g.  20),  to  correspond  to 
the  thickening  of  the  prjporal  lobe,  which  gives  rise  to  Iht 
supra-cesophageal  ganglion  ;  hut,  as  a  matter  of  fact,  this 
part  of  the  larva  does  not  apparently  enter  into  the  formation 
of  the  young  Nemcrtinc  (fig.  19).  The  peculiar  metamoi* 
phosis  which  taki\s  place  iti  the  development  of  the  Nemet- 
tine  out  of  the  Pilidium,^  n»ay,  perhaps,  eventually  oupph 
an  explanation  of  this  fact;  but  at  present  it  lemains  ass 
not  yet  explained  diflicuUy. 

Tne  position  of  the  flagellum  in  Pilidium,  and  of  the  supra- 
oeaophageal  ganglion  in  Mitraria,  suggests  a  different  view  of 
the  origin  of  the  supra-cesophageal  ganglion  to  that  adopted 
above.     The  position  of  the  ganglion  in  Mitraria  rorrespoodi 

'  yUe  Hnbreclit,  '  Zar  Anat.  and  fhjs.  d.  Kerven  Sjitem  d.  Numt 
tiDen  Koa.  Akad.,'  Wiu..  AaiBtcrdutn ;  and  "  Kesenrclies  on  Ibo  litmu 
8y8tcTii  of  Nemfrtiues,"  '  Journ.  of  Micr,  ScicQct,*  ISbO. 

•  rirfp  Self,  "Oaboaiii]ioml6iDlhc  A^aa.t.o(  Per ijiattucapttutM,*'  'Qurt 
Jouni.  of  Micr.  Science,'  »qI.  sdi,  1S79. 

•  Vuie  'A  Treati»e  on  Comparative  Embiyologj,'  vol,  i,  p.  108. 
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cloBcly  witb  chit  of  the  auditory  or^n  in  Ctenophora ;  and 
it  is  not  impoMable  that  the  twv  structures  may  Lare  had  a 
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KlO.  19- — S..  Pilidammtiauadeaiued  NfotertineWora.  B.  Ripe  Em6rya 
of  Nemerltt  in  th  jntitiot  it  occvpirt  \m  PtUdinin.  (Both  after 
ButKhli.)  ce.  ccftopbasu ;  U.  stomacfa  ;  i.  intestine ;  pr.  probMcii ; 
l.p.  latenl  pit ;  an.  uonioD ;  ».  aerrous  sjst«m. 

common  origin.  If  this  view  is  the  correct  one,  we  must 
suppose  that  the  apex  of  the  aboral  lobe  has  become  the 
centre  of  the  prteoral  field  of  the  Pilidium  and  TrochoBphere 
larval  forms.^  The  -whole  of  the  questiona  concerning  the 
nervous  system  are  still  very  obscure,  and  until  further  facts 
are  brought  to  light  no  definite  couclusiona  can  he  arrived  at. 
The  absence  of  sense  organs  on  the  praeoral  lobe  of  larval 
Echinodetmata,  coupled  with  the  structure  of  the  nervous 

■  The  ittdepetideiit  dcTclopmont  of  the  Bupra-cet&pboge&l  garglion  siid 
vc&tnl  nerri!  cord  in  ChnitopotJa  (riVf  Kleiii«ii»r§,  •  Dorelopmciit  of  Znn- 
trint  trapez^idti  *)  soils  ttiii  view  very  s&tisfictonly . 
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system  of  the  adult,  points  lo  the  conclusion  that  th«  adult 
!bchiaodermata  have  retained,  rd<1  not,  as  i>  now  tuuall]; 
held,  secondarily  acquired,  their  radial  symmetry  j  and  if 
this  ii  admitted  it  folloirs  that  the  ohrious  bilateral  syni' 
nietry  of  Echinoderui  laivut  is  a  secondary  character. 

The  bilateral  symmetry  of  many  C'a-lt^nleraie  larva?  (the 
larva  of  -^.ginopsia,  of  many  Acraspeda,  of  Actinia,  &c.)j 
coupled  with  the  fact  that  a  bilateral  symmetry  is  obviously 
advantageous  to  a  free'&wrimming  form,  are  qiitle  cnfficient  to 
show  that  this  supposition  is  by  no  means  extravagant;  while 
the  presence  of  onl^  tiro  alimentary  diverticula  ib  Kchino- 
derm  larva  is  quite  in  accord  with  the  presence  of  a  single 
pair  of  perigastric  chambers  in  the  early  larva  of  Actioia, 
though  it  must  be  admitted  that  the  derivation  of  Uie  vater- 
vascular  system  from  the  left  diverticulum  is  not  easy  to 
understand  on  this  view. 
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Fig.  20. — T»o  Sta^et  in  tit  d^elapment  6}  ititraria.  [Aft«r  Uetsdiai- 
kolt.)  Bi.  moullj ;  an.  anus  ;  t£i,  supra-ceiopEiitgHl  gaogtioD ;  Ar,  anl 
i.  provisional  bristles ;  pr.6.  prnorsl  ciliatea  band. 

A  difficulty  in  the  above  speculation  is  presented  by  the 
fact  of  tint  anus  of  the  Echinodcrmata  being  the  permanent 
blastopore,  and  arising  prior  to  the  mouth.  If  this  fact  hu 
any  special  significance,  it  becomes  difficult  to  regard  the  lain 
of  Echinoderms  and  that  of  the  other  types  as  in  any  way 
related;  but  if  the  views  already  urged,  in  apreWoua  essayoa 
the  germinal  layers,  as  to  the  unimportance  of  the  blaatopore, 
are  ndmiiled,  the  fiict  of  the  anus  coinciding  with  the  blasto* 
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pore  ceases  to  be  a  difficulty.  As  may  bo  seeiij  by  rererriag 
to  6^.  18  c,  tlic  anus  is  placed  oa  the  dorsal  side  of  the 
ciliated  band.  This  position  for  the  anua  adapts  iicelf  to  the 
view  that  the  Ecliinoderm  larva  hnd  originnllya  radial  fym- 
nietryi  with  the  nnus  placed  at  the  aborni  npox,  and  that  the 
present  terminal  position  of  the  anus  arose  with  the  elonga- 
tion of  the  liir\'a  on  the  attainment  of  a  bilateral  symmetry. 
It  may  be  noticed  that  the  obscure  ])oint8  connected  with 
the  absence  of  a  body-cavity  in  most  adult  Platyelmiuthee, 
which  have  already  been  dealt  tvitU  in  my  essay  on  the 
germinal  layers,  cro|is  up  again  here ;  aiul  that  it  is  necessary 
to  assume  either  that  alimenlarj'  diverticula,  like  those  in 
the  Echinoderuiata,  were  primitively  present  iu  the  Flaty- 
clminthes,  but  have  now  disappeared  from  the  ontogeny  of 
ibis  group,  or  that  the  nlimontary  diverticula  have  not 
become  separated  from  the  alimentary  tract. 

So  far  the  conclusion  has  been  reached  that  the  archi- 
type  of  the  six  types  of  larva;  was  a  radiate  form,  And  ihaC 
amongst  existing  larva;  it  is  most  nearly  approached  in 
general  shape  and  in  the  form  of  the  alimentary  canal  by 
the  Pilidium  group,  and  in  certain  other  particulars  by  the 
Echinoderm  lar^'a?. 

The  edge  of  tlie  oral  disc  of  the  larval  architype  was  pro- 
bably armed  with  u  ciliated  ring,  from  which  ihe  clliiited 
ring  of  the  Pilidium  type  and  of  the  Rchinodermata  were  most 
likely  derived.  The  ciliated  ring  of  the  Pilidium  varies 
greatly  in  its  characters,  and  has  not  always  the  form  of  a 
complete  ring.  In  Pilidium  proper  (fig.  19  a)  it  is  a  simple 
ring  surrounding  the  edge  of  the  oral  disc.  In  Mullcr's 
larva  of  Thysauozoon  (Bg.  ->  »)  it  is  inclined  at  an  axis  to 
the  oral  disc,  and  might  be  called  pt^oral,  but  such  a  term 
cannot  be  properly  used  in  the  absence  of  an  anus. 

The  Echinoderm  ring  is  oblique  to  the  axis  of  the  body, 
and,  owing  to  the  fact  of  its  passing  ventrally  in  front  of  the 
anus,  must  be  called  pastoral. 

The  next  point  to  be  considered  ts  the  affinities  of  the 
other  lar\'al  types  to  these  two  types. 

Tlie  most  important  of  all  the  larval  types  is  the  Tro- 
chosplicre,  and  this  ty|>fl  is  undoubtedly  more  cloiely  related 
to  the  Pilidium  than  to  the  Echinoderm  larva.  Mitrariti 
amongst  the  Chwtopods  (lig.  20)  retains,  indeed,  the  form 
of  Pilidium  very  closely,  and  mainly  differs  from  a  Pilidium 
in  the  possession  of  an  anus  and  of  provisional  britilloti ; 
the  same  may  be  said  of  Cyphonautes  (tig.  21)  amongst  |l 
Polyioa. 
The  existence  of  these  two  forfl^  'how  th 
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Pilidium  ;  the  other  ciliated  rings  or  patches  of  the  rroclto- 
splicre  having  a  tecondary  origin. 


YiQ.  il.—rjpiomnirii  (/jann$  tf  ittw^faaip^ra).  (After  IlAlMb^).  ■. 
mouth;  n.  anus  ;  f^.  Toot  glud;  r.  prublcnaticftl  body  (pnibitblj  i 
tmd). 

The  larva  of  the  Biachiopoda  (fig.  G),  in  spite  of  iu 
peculiar  character,  is,  in  nil  probnbility,  more  closely  related 
to  the  Cliaitopod  Trochosphert'  thnn  to  any  other  larval  type. 
The  most  rcmspicuous  point  of  agreement  between  them  \t, 
however,  the  po^sessian  in  common  nf  provisional  seta^. 

Echinoderm  larvie  differ  from  the  Trochosphere,  uot  only 
in  the  points  already  alluded  to,  but  in  the  character  of  the 
ciliated  band.  The  Ecliinoderm  baniL  is  longitudinal  and 
postornl.  As  just  stated,  there  is  reason  to  think  that  tlie 
pripornl  baud  of  the  Trochusphete  and  the  postoial  band  of 
the  Echinoderm  larva  are  both  derived  from  a  ciliated  ring 
surrounding  the  oral  disc  of  the  prototype  of  these  lame 
(mV/e  fig.  8).  In  the  case  of  the  Kchiiiouermata  the  anui 
must  have  been  formed  on  the  dorsal  side  of  this  ring,  and 
in  the  case  of  the  Trochosphere  on  the  ventral  side  ,•  nnd  so 
the  difference  in  position  between  the  two  rings  was  bruugbt 
about.  Another  view  with  rficrence  to  these  rings  has  be#n 
put  forward  hy  Gegenhnur  and  Ijankester,  to  tlie  effect  thst 
the  pneoral  ring  is  derived  from  the  breaking  up  of  the  single 
band  of  most  bchinoderm  larvs  into  the  two  bands  found 
in  Bipinnaria  (vide  dg.  10).  There  is  no  doubt  a  good  deal 
is  to  be  said  for  this  origin  of  the  prseoral  ring,  and  it  it 
strengthened  by  the  case  of  Tornaria;  but  the  view  adopted 
above  appears  to  me  more  probable. 
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Aciinotrocba  (6g.  17)  undoubtedlyagrees  more  clonel^  with 
Kchinoderm  larvse  than  with  the  Trochosphere.  Its  cilinted 
ting  has  the  same  character,  and  the  growth  along  the  line 
of  ihe  cihated  ring  of  a  series  of  arms  is  very  »imil«r  to 
n-hat  takes  place  in  many  EchinoJerms.  Its  affinity  with 
the  EchiuoUerm  larvee  is  aUo  shown  in  the  nhaence  of 
sense  organa  on  the  ptGcoral  lobe. 

Tornaria  (fig.  16)  cannot  be  definitely  united  cither  with 
the  Trochosphere  or  with  the  Echinodcrm  larval  type.  It 
has  important  chanicters  in  CDiumoii  with  boCli  of  these 
groups,  and  the  mixture  of  ihcsc  characters  renders  it  a 
very  striking  and  well-defined  larval  form. 

Phylogenetic  condniions. — The  phylogenelic  concliidiong 
■which  follow  from  ihe  above  views  remain  to  he  dealt  with. 
The  fact  that  all  the  larvns  of  ihe  groups  above  the  ('trlen- 
terata  can  be  reduced  to  a  commou  type  points  to  all  the 
higher  grovips  being  descended  from  it  single  stem. 

Considering  that  the  larvic  of  comparatively  few  groups 
have  persisted,  no  coitclusioiis  as  lo  ufiiiiities  can  be  drawn 
from  the  al»ence  of  a  larva;  and  the  precetice  iu  two  groups 
of  a  common  larval  form  may  be  taken  as  proving  a 
common  descent,  but  does  not  iiecessarily  show  any  close 
nflinity. 

There  is  every  reason  to  believe  that  the  types  with  n  Trocho- 
sphere larva,  viz.  the  Rotifera,  the  MoUusca,  the  CliEotopoda, 
tho  Gephyrcn,  and  the  Folyzoa,  arc  descended  from  a  common 
ancestral  form,  and  it  is  also  fairly  certain  there  was  a  remote 
ancestor  common  to  these  forms  and  to  the  Platyelminthes. 
A  general  affinity  of  the  IJrachiopoda  witli  these  types 
very  probable.  All  these  types,  together  with  any  other 
types  which  can  be  proved  to  be  related  (o  tliem,  are  des- 
cended from  a  bilateral  ancestor.  The  Kchinodermata,  on  the 
other  hand,  arc  probably  directly  descended  from  a  radial 
ancestor,  and  have  more  or  lees  completely  retained  theic 
radial  symmetry.  How  far  Aciinotrocba'  is  rcliited  to  the 
Echinodcrm  larvEC  cannot  be  settled.  ItA  characters  may 
possibly  be  secondary,  like  those  of  tiie  mesotrochal  larvie 
of  Cheetopods,  or  they  may  be  due  lo  its  having  branched  off 
very  early  from  the  stock  commou  to  the  whole  of  the  forms 
above  the  Ccelenteratn.  The  position  of  Tornaria  is  still 
more  obccuce.  It  is  difficult,  in  the  face  of  tne  peculiar 
water- vascular  vesicle  with  a  dorsal  pore,  to  avoid  the  con- 
clusion that  it  has  souie  alfiiiiiies  with  the  Kchiuoilerm 
larvie.  Such  affinities  would  seem,  on  the  lines  of  speculn- 
It  u  veiy  ptotwble  tliat  Fboronii  ia  in  no  way  relsted  to  Hi-  otliet 
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tion  adopted  iu  this  ettaj,  to  prove  that  its  afHnities  to 
the  Trocbosphcrc,  striking  as  they  are,  are  secondary  uid 
adaptive.  From  this  conclusion,  if  justified,  it  would  follow 
that  the  Eclunodcrmata  aud  Entcropneusta  bavo  a  remole 
ancestor  iu  commoDi  but  not  that  the  two  groups  are  in  any 
other  way  related. 

General  vonclusions  and  summary. — Starting  from  the 
demonstrated  fact  that  the  larval  forms  of  a  number  of  widely 
sepiiraled  types  above  the  Coelenterata  have  certain  characters 
in  common,  an  attempt  has  been  madc{l)  to  determine  the 
characters  of  the  common  prototype  of  all  these  laTTie,(i8)  and^ 
the  mutual  relations  of  the  larval  forms  in  question.  This 
attempt  started  with  certuin  more  or  less  plausible  sugges* 
tions,  the  truth  of  which  can  only  be  tested  by  the  cohcrcDce 
of  the  results  which  follow  from  them,  aud  theii  capacity  to 
explain  all  the  facts. 

The  results  arrived  at  may  be  summarised  as  follows : 

1.  The  larval  forma  above  the  Ccelenteratn  may  be  divided 
into  six  groups  enumerated  on  pages  3UI — 394. 

!S.  The  prototype  of  all  these  groups  was  an  orgsoism 
something  like  a  Medusa,  with  a  radial  symmetry.  The 
mouth  was  placed  iu  the  centre  of  a  flattened  ventral  sur- 
face. The  nboral  surface  was  domC'shaped.  Round  the  edge 
of  the  oral  surface  was  a  ciliated  ring,  and  probably  a  nervous 
ring  provided  with  sense  organs.  The  alimentary  canal  was 
prolonged  into  two  or  more  diverticula,  and  there  was  no 
anus. 

3.  The  .bilaterally  symmetrical  types  xvere  derived  from 
this  lanal  form  by  the  larva  becoming  oval,  aud  the  region 
in  front  of  the  mouth  forming  a  prteoral  lobe,  and  that 
behind  the  mouth .  the  trunk.  The  aboral  dome  became 
the  dorsal  surface. 

On  the  establishment  of  a  bilateral  symmetry  the  anterior 
pait  of  the  nervous  ring  gave  rise  to  the  supra- cesopbaffeal 
ganglia,  and  the  optic  organs  connected  with  thetn.  The 
body-cavity  was  developed  from  two  of  the  primitive  alimen* 
tary  diverticula. 

The  usual  view  that  radiate  forms  have  become  bilateral 
by  the  elongntioa  of  the  aboral  dome  into  the  trunk  is  pro* 
bably  mistaken. 

4.  Pilidium  is  the  larval  form  which  most  nearly  repro- 
duces the  characters  of  the  larval  prototype  in,  the  course  of 
its  conversion  into  a  bilateral  form. 

5.  The  Trochosphere  is  a  completely  difFerentiated  bilateral 
form,iti  which  an  aous  has  become  developed.  The  prseoral 
ciliated  ring  of  the  Trochosphere  is  probably  derived  from 
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the  ciliatetl  ringof  Pilidium,  which  is  itself  the  original  ring 
of  the  prototype  of  all  these  larval  forms. 

6.  liicbinoderm  lacvie  ill  the  abtence  of  n  nerve  ganglion  or 
special  organs  of  seuse  on  ihc  pneoral  hthe,  and  in  the  pre- 
sence of  alimentary  diverticula,  which  give  rise  !o  the  body 
cavity,  retain  some  characters  of  the  prototype  larvn  which 
have  been  lo^I  in  Pilidium.  The  ciliated  ring  of  Kchinoderm 
larre  is  probably  derived  directly  from  that  of  the  proto- 
type by  the  formation  of  an  anus  on  tlie  dorsal  side  of  thu 
ring.  The  anus  was  very  probably  originally  eituated  at  the 
aboral  apex. 

Adult  Echinoderms  have  probably  retained  the  radial  sym- 
metry of  the  forme  from  which  they  are  descended^  and  their 
nervous  ring  is  probably  directly  derived  from  that  of  their 
ancestors.  They  have  not,  as  is  usually  supposed^  secondarily 
acquired  their  radial  symmetr)-.  Tlie  bilateral  symmetry  of 
the  larva  is,  on  this  view,  secondary,  like  that  of  so  many 
Coulenterate  larva;. 

5.  The  points  of  similarity  between  Tomaria  and  (1)  the 
Trochosphete  and  (2)  the  Eehincxlerm  larvic  are  probably 
adaptive  in  the  one  cbe-c  or  the  other ;  and,  while  there  is  no 
difficulty  in  believing  that  those  with  the  Trochosphcre  are 
adaptive,  the  presence  of  a  water-vascular  vesicle  with  a 
dorsal  pore  renders  probable  a  real  afliniiy  with  Echinoderm 
larvic. 

6.  It  is  not  possible  in  the  present  state  of  our  knowledge 
to  decide  how  far  the  resemblances  betweeiv  Aclinotrochn  and 
Ecbinoderm  larvie  are  adaptive  or  primary. 

The  majority  of  these  conclusions  are  undoubtedly  of  a 
highly  speculative  character,  but  while  they  cannot  bo 
regarded  aa  part  of  our  stock  of  enibryological  knowledge, 
they  may,  nevertheless,  serve  to  indicate  nn  important  line 
for  continued  embryological  research.  A  thorough  histo- 
logical investi^tion  of  the  larval  forma  dealt  with  in  this 
essay  will  be  likely  to  lead  to  valuable  results. 
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On  the  Classification  of  Cbvptocams.^  By  Alfred  W. 
Bksnktt,  M.A.,  B.Sc.,  F.L.S.,  Lecturer  on  Bounj^  it 
St.  TboinaA  HospiuLa. 

The  claMification  of  Cryptogams  proposed  in  the  fourib 
edition  of  Sachs's  '  Luhrbuch  tier  Botnnik ' — differing  in 
some  iinportaiii  points  from  that  in  the  third  edition,  from 
which  the  English  translation  hat  been  made — is  an  un- 
doubted index  of  n  considerable  adrance  in  our  knowledge 
of  the  relationships  of  the  lower  formB  of  Bowcrlcss  plants. 
That  it  will  in  some  points  be  modified  as  our  knowledge 
further  advances,  it»  author  would  be  the  last  to  dispute; 
there  arc  some  other  points  to  which  I  wish  to  call  .ittcntion 
in  the  present  paper,  in  which  ihnt  distinguished  botanist 
docs  not  appear  to  me  to  hnvu  been  «o  successful  in  poinliog 
out  natural  affinities. 

The  first  group,  the  Thallophytes  (including  Charncete),)* 
divided  ^y  Sachs  into  four  classes  of  equal  rank*  the  Prolo- 
phyta,Zygosiiurea;,Oof  porta;,  and  Cnrposiwreie,  abandoning, 
as  K  primary  classification,  the  time-honoured  distinction  of 
Algte  and  Fungi.  Few  will  be  disposed  to  dispute  the 
desirability  of  aetiinp  off  the  lowest  forms  from  both  the 
Algic  and  Fungi  into  a  distinct  clfl»« ;  ond  the  Prolophyl* 
may  with  advantage  be  retained  with  the  limits  defined  bj 
Sachs.  But,  beyond  this,  it  is  doubtful  whether  the  pro- 
posed change  reprcacms  a  rearer  approach  to  a  true  phylo- 
gcnetic  Bclieme.  The  supporters  of  tVie  new  classification 
point  to  that  of  Phanerogams  as  affording  them  powerful 
support.  They  say,  with  truth,  that  genera  destitute  of 
chlorophyll,  like  Orobanche,  Balanophora,  &c.,  are  not 
Beparated  into  a  distinct  class  of  primary  rank.  But  the 
cases  are  not  parallel.  Without  going  into  the  question  of 
whether  these  parasitic  Phanerogams  do  contain  chloro])hyll 
or  not,  it  may  be  pointed  out  that  tbcy  arc  mostly  isolated 
genera  closely  rcseinbliug  well-known  natural  orders  in  all 
important  points  of  structure.  Were  flowering  plant*  divi- 
sible into  two  great  series,  one  containing  chlorophyll  and 
autonomous,  the  other  destitute  of  chlorophyll  and  parasitic, 
with  very  few  points  of  resemblance  or  connecting  links 
between  the  two,  it  is  at  least  doubtful  whether  this  would 

*  Ib  thfl  pre)i&r&liDn  of  this  pa.per  I  liavc  liad  the  most  vaJnablt  asai&t- 
Mice  snil  co-operalioQ  of  Mr.  Ucome  MurrAy,  my  eolUbonttor  in  onr  forth- 
coining  '  riiindbook  of  Crrpto^mic  BotBoy.' 

'  Uecii  at  ttic  SwAuwa  Ueeliug  of  the  Urilisb  Associalioit,  Aug.  iiHii, 
USO. 
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not  be  taken  into  account  in  the  first  line  by  Bystemaiisu. 
The  old  dirision  into  Fungi  and  Alge  i«  so  engraA«d  Into 
popular  cxmccptions,  is  so  convenient  to  tho  student,  aod 
Tcsta  at  the  same  tixDc,  with  but  few  exceptions,  on  such 
vrell-m&rked  physiological  characters,  that  in  abandonment 
requires  the  clearest  evidence  of  the  necessity  for  such  a 
course,  as  being  obviously  in  harmony  with  genetic  affinities. 
But  few  will,  we  think,  be  bold  enough  to  maintain  that 
Spirogyra  is  more  nearly  allied  to  Mucor  than  it  ia  to  (£do- 
Konium,OT  that  the  Floridete  display  more  affinity  to  the 
Baaidiomycetea  than  they  do  to  the  Fucaeese. 

The  present  writer  baa  already  stated  iu  detail  ('  Journal  of 
Botany^*  1878,  p.  202)  hie  reasons  for  consiilc-ring  that  it  ia 
impouible  to  place  the  Characecc  among  Thallophytesj  and 
still  more  among  the  Carposporcae. 

As  regards  minor  points,  I  am  disposed  to  coostder  the 
anomalous  Xyxomycetea  as  a  low  type  of  structure,  scarcely 
raiaed  above  the  Protophyta,  and  not  exhibiting  true  sexutd 
conjugation.  The  researches  of  Carpenter,  Cohu,  and  others, 
xlearly  show  that  Volvox  and  its  allies  must  be  placed  among 
the  Oosporeae  rather  than  the  Zygospores.  The  PhjeosporeiB 
should  certainly  be  separated  off  as  a  distinct  order  from  the 
Fucacese. 

I   propose,  therefore,  to  divide  Thallophytea  into  three 
primary  classes : — PBoroPHrrA,  Fcngi,  and  Ar.«*.     The 
Prolophyta  are  divisible  into  two  sub-claases,  Protomycetes 
and  Prott^/tycc*.     The   Ptotoinycetes  consist  of  a    single 
order,  the  Schizotnycctes,  of  which  Saccharomycea  is  regarded 
[as  an  aberrant  form.     The  Protophyceffi  are  composed  of  the 
Frotococcacese  [including    Palmellacese   and   Scytonemese), 
'Nostocacete,  Oscillatories;,  and  Rivularieaj.     The  3Iyxomy- 
iCete*  are  treated  as  a  supplement  to  the  Protophyta.     The 
[FuDgi  are  made  up  of  three  sub-classes,  employing  in  tho 
nnain  the  same  characU^rs  as  Sachs ;  for  reasons,  however, 
Twhich  arc  stated  in  another  paper  presented  to  the  Associa- 
tion, the  syllable  "sperm  "  is  used  instead  of  "apore"  iu 
their  terminologr.     The  first  division,  tho  Zygomycetes  (or 
■Zygo*permea>  achlorophyliacea),  ia  composed  of  the  Mucorini 
only    (including    the    Piptocephalidie).      The   second,   the 
Oomycetei  (or  Oospermea  acMorf^h^Uacece)^  comprises  the 
PeronoapoTCffi   and    Saprolegniew    (including    the    Chytri- 
'diaceie).    The  third,  the   Carpomyceten   (or   Carpospermete 
[aehloTophyUacsee),  is  made  up  of  the  Credinea;,  Ustilagineaj, 
Bnsidiomycctcs,  and  Aacomycetcs,  the  Lichencs  being  in- 
cluded in  the  last  as  a  sub^order.    The  Algse  are  arranged 
under  three  corresponding  sub-classes.     The  Zyyopkycew  (or 
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Zygospermea  chlorophyUaceo')  is  made  up  of  the  folIoTrtng 
orders  : — Pandorine«,  Iljiirodictyeae,  Confervacoie  (under 
which  the  Pithophoraceae  may  jiosslbljr  come),  Ulotrichacec, 
UlvBccK,  Hotrydio.'G,  and  Conjugatfc  (the  last  comprising  the 
DiatomaceK;,De8midieie,  ZygiiemncfiP.andMesocarpfa;).  The 
Qophycex  (or  Oospermeat  chioropftyllacea')  include  the  VoIto- 
ciaete,SipUonea3  [with  the  nearly  allied  Dasycladeie),  Sphie* 
ropleacew,  Oedogoniacett,  Fucacese,  and  Phieo9i>orefe.  The 
Caiyophycea  (or  Carpospermtue  chlorophyllacata)  is  made  up 
of  the  ColeochieteEe  and  Floriden. 

The  Ch.arack;ii  will  be  restored  to  their  old  rank  as  a 
group  of  primary  importauce.  The  Muscimbji  are  uti- 
changed,  comprising  the  Hepatic^  and  Musci  (including 
Sphagnaceffi). 

In  classifying  the  Vascular  Cryptogams,  I  am  com- 
pelled again  to  dissent  from  Sachs's  most  recent  proposal. 
Abandoning  the  primary  division  into  iso«porous  and  hete* 
rosporous  lotms,  he  proposes  in  their  place  three  classes,  of 
which  two  arc  newly  suggested — ■Equisctaccfc,  Filicineie,  and 
Dicholomi;  the  two  last  including  both  isosporous  and  hete* 
rosporous  forms,  the  Khizocarpeo;  being  placed  under  Fili- 
cinco!,  and  the  Selagincllacefc  under  Dlcnotomi.  The  sexual 
differentiation  of  the  spores  into  those  which  produce  female 
prothallia  and  those  which  produce  anthcrozoids,  seems  to 
mc  to  lie  so  much  deeper  than  any  characteristics  derived 
mert;ly  from  vegetative  characters,  and  to  mark  so  distinctly 
a  step  upwards  in  the  scale  towards  flowering  plants,  that 
I  have  no  hesitation  in  restoring  the  primary  division  of 
vascular  cryptogams  into  Isospona  and  Hetet-osporta.  As  a 
minor  point,  it  hardly  seems  logical  to  separate  the  Ophio- 
glossacea'  as  a  distinct  order  from  Ftliccs,  if  the  iVIarattiacca 
are  to  remain  agsociated  with  them.  The  Isosporia  will 
then  consist  of  the  Filices  {including  Uphtoglossaces),  Ly- 
copndiaceie,  and  Kquisetaccsc.  The  Hcterosporia  will  comprise 
the  Kliizocarpeai  and  Selaginellacew. 

In  describing  the  heturos porous  vascular  cryptogams  it  is 
almost  universal  to  speak  of  the  spores  which  give  rise  to  the 
female  prothiilliuni  and  those  which  give  birth  to  aathero- 
zoidfi  as  " macrosporcis"  and  "microspores"  respectively. 
The  first  of  these  terms  is  doubly  objectionable ;  firstly,  ety- 
mologically,  the  correct  meaning  of  fiaKp6^  being  not  lai^, 
but  long;  andj  secondly,  from  the  close  Kimilnrity  in 
sound  of  the  two  terms,  an  inconvenience,  especially  in  oral 
instruction,  which  every  teacher  must  have  experienced. 
Seeing  that  the  correct  and  far  preferable  terms  mcgaspore 
and  micro«;>orc  arc  used  by  Berkeley,  Areschoug,  and  others 
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it  is  difficaU  to  undentand  how  "  aacrofpore'*  can  ever 
bare  got  into  general  use.'  But  those  terms  are  alwaya  to 
be  preferred  which  conrej  to  the  stadeot's  mind  important 
rather  than  unimportant  facts;  and  since,  in  the  pretest 
case,  the  sexual  differentiation  t*  tu  more  imporuot  than  the 
difference  in  size,  I  propose  that  the  two  kinds  of  spores 
shall  in  future  be  known  u  gynotpores  and  androtfn>res,  the 
receptacles  in  which  thej  are  produced  as  gynotporangia 
and  andrvsjforanffia  respecdvelj^. 

Appended  is  a  table  of  the  proposed  claatification. 
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'  The  eqaallj  objectioubie  tcnn  "  mftcrolepidoptcra "  seenu  to  hare 
crept  ioto  eatomirfogical  t«niuiuiIog7. 
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A  RsrOBHKD  STSTZM    of  TSKNIXDLOCT   of  Ut  BETXODrc- 

TivB  0rga5s  of  the  C'ktptoo\hii.  By  Alfked  W. 
Betckftt,  MJL,  B.Sc,  F.I_S.,  Lecturer  on  BoUny  al 
St.  Thomas's  Hospiul ;  and  Gedace  Mttbrat,  F.L.S., 
Assistant,  Botanical  Department,  British  Miueam.^ 

We  haTe  been  led  to  the  foUowing  attenpt  at  obuimng  a 
symmetrical  system  of  termiiMlogy  anong  (>yptogaiiis  by  tb« 
undoubted  fact  that  the  anomaties  at  present  exisiiog  ^eatly 
retard  the  prosecution  of  the  study  of  this  most  interesting 
group  of  plants.  A  more  striking  instance  of  the  want  of 
accuracy  in  the  ttse  of  the  cominouest  terms  could  not  be 
afforded  than  by  obserring  the  different  meanings,  often 
quite  irrecDOcilable  with  one  another,  applied  by  the  most 
approved  writers  to  the  term  "  spore."  Thus,  Le  Maoui  and 
Decaisne  (Hooker's  edition  of  '  Descriptive  and  Analytical 
Botany,'  p.  14)  and  Professor  Asa  Gray  ('Botanical  Text- 
book>*  sixth  edition,  p.  434}  speak  of  spores  as  '*  the  ana- 
Ic^es  of  seeds ;"  Sachs  ('  Text-book/  English  edition,  p.  805, 
but  modified  in  the  most  recent  German  edition)  defiaes 
them  as  "  asexual  reproductive  cells."  In  direct  opposition 
to  each  and  both  of  tht ^e  definitioiit),  Berkeley  ('  Micrographic 
Dictionary,'  third  edition,  p.  327)  describes  the  unfertilised 
ova  or  ooapheres  of  Kucus  as  spores;  and  Huxley  and  Mar- 
tin ('Elementary  Biology,'  p.  49)  call  the  archegonium  of 
Cbaraceee  a  spore-fruit  or  sporangium.  A  still  more  sin- 
gular example  occurs  in  the  most  recent  text-book  of  botany 
SBtrodaced  to  English  readers  (Vines's  L-ditioii  uf  '  Frantl  s 
Ttxt-book'*  where  we  read  on  one  page  {p.  1>T)  "  R<*pro«iuc- 
tion  of  Cryptogams  is  effectud  asexually  by  cells  termed 
gonidia^  conidia,  or  spores  ;"  and  on  another  page  (p.  115), 
"  Fungi  are  reproduced  sexually  by  means  of  spores. ' 

The  object  kept  before  us  in  this  attempt  at  reform  has 
been  to  arrive  at  a  Bystcm  which  shall  be  symmetrical  and 
in  accordance  with  the  present  slate  of  knowledge,  and  which 
shall,  at  the  same  time,  interfere  as  little  as  possible  with 
existing  terms.  In  preparing  such  a  system  it  has  been 
imposdible  to  avoid  introducing  several  new  terms,  but  these 
are  associated  with  one  another  on  an  etymological  plan 
which  will  not  burden  the  memory  of  the  student,  %vliile  the 
total  number  of  terras  in  crypiogamy  will  be  greatly  reduced 

*  Bead  st  the  Swaoses  Me«tiiig  of  Lbe  tiriliili  Aseociation,  Aug.  :2Utii, 
1880. 
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b;  the  abandonmeDt  of  a  large  number  (hat  are  absolotelj 
useless. 

So  far  ae  we  know,  the  first  sj^ttemntic  attempt  at  pUciDg 
cryptoganiic  tetminologj'  on  a  luore  aatisfaclory  fuotiug  wai 
made  by  Kachg  in  the  fuufth  edition  of  his  *  Lchrbuch  *  (not 
yet  published  in  English),  which  is  deserving  of  comni«pda< 
lion,  though  it  doea  (tot  appear  to  us  allogethei  successful. 
Sachs  propofiea  (p.  248)  to  define  a  "  spore  '*  as  a  reproduc* 
live  cell  produced  "directly  or  indirecUy  by  an  act  of  fertUi- 
satioDt''  reeeiviiig  the  term  "  gouidium  "  fof  thuBe  rejvo- 
ductive  cells  which  arc  produced  without  any  ])reTiou9  act 
of  impreffi^&tion.  As  far  as  Vascular  Cryptogams  and  Mus- 
cincGB  are  couceiued,  Sachs's  proposal  iuvolves  uo  change, 
since  he  regards  the  spores,  w'luch  are  a  part  of  (be  noD- 
sexual  generation,  as  the  indirect  result  of  the  act  of  feitili- 
eatiou  tvhich  closes  the  sexual  generation.  In  the  Bast- 
diomycetes  he  is  able  to  retain  the  term  spore  for  the 
familiar  bodies  commonly  so  called,  only  by  the  assumptioo 
— for  at  present  it  is  nothing  luoce — that  the  !>tructure  of 
^vhich  the  hynienium  forms  a  part  is  the  result  of  a 
yet  undiscovered  process  of  fertilisation  du  the  mycelium. 
In  the  lower  fungi  the  changes  involved  in  tho  proposal 
are  considerable.  Thus  the  "  spores "  of  PenicilUum, 
similar  as  they  are  to  those  of  Agaricus,  can  uo  longer  be 
called  spores,  because  they  do  not  result  from  an  act  di  fctti- 
llaation,  but  become  "conidia"  or  "goiiidia;"  and  for  the 
Name  reason  the  familiar  "zoospores  "  of  the  lower  Thatlo- 
pbytes  become  "  zoogonidia."  It  is  obvious  that  one  practical 
defect  of  this  suggestion  is  that  it  may  necessitate  a  pet- 

Eettial  change  of  terminology  as  our  knowledge  advances. 
ivery  fresh  extension  of  the  domain  of  sexual  fecundation — 
and  it  is  prohnble  that  many  such  will  take  place — will 
iuvolye  the  removal  of  a  fresh  series  of  reproductive  cells 
from  the  category  of  gonidia  to  that  of  spores,  even  though 
they  may  not  be  the  immediate  result  of  an  act  of  fertilisa- 
tion. Agaiiii  if  the  sport^s  of  Ferns  and  Mosses  are  the 
indirect  restilt  of  imprfgnaliun,  it  is  difficult  to  say  why  the 
term  should  not  uldmately  include  all  reproductive  bodies 
whatever,  except  the  spores  of  the  "  apogamous  ferns  "  with 
which  Farlow  and  De  Uary  have  recently  made  us  ac* 
quainled,  and  of  other  similar  abnormal  productions,  which 
are  certainly  not  the  result  of  impregnation,  direct  or  in- 
direct. 

It  seems  a  sounder  principle — and  is  certainly  more  con- 
venient to  the  student — to  base  a  system  of  terminology  on 
facts  which  can  be  confirmed  by  actual  obscTTation,  rather 
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"sperm**  should,  for  reasons  to  be  detailed  presently,  be 
avoided  for  male  organs.  In  only  two  imporuut  groups, 
Floridcaj  aud  Licheoes.are  the  fecundating  boiliee  destitute  of 
vibratile  ciLia  and  of  spontaiifwus  motioii ;  in  the  former 
eas«tbey  are  still  usually  tenned  anthorozoida;  in  thcUttet 
"  spormatta,"  and  their  receptacles  "  spermogonia.**  In 
order  to  mark  the  difference  in  structure  from  true  anthe- 
Toxoids,  it  is  proposed  to  designate  these  motionless  bodies  in 
botb  cases  jtoUirivith  ;  the  term  spvrmogouium  is  altogethri 
unnecessary,  the  organ  being  a  true  anthcridium. 

A  aatisfaetor)-  terminology  of  the  female  reproductive 
organs  presents  greater  difficulties,  from  the  much  greater 
variety  of  structure,  and  the  larger  number  of  terms  already 
in  use.  The  limits  we  have  placed  to  the  use  of  the  tern 
"spore"  and  its  compounds  require  the  abandonment  of 
"  oospore  "  for  the  fertilised  ovum  or  oosphere  in  it«  encysted 
state  (enclosed  in  a  cell-wall),  anterior  to  it;;  segmentation 
into  the  embryo ;  and  this  is  the  most  important  change 
involved  in  the  new  system. 

In  devising  a  term  which  shall  include  all  those  bodies 
which  are  the  immediate  result  of  impregnation,  it  was 
necessary  to  take  two  points  specially  into  account.  Firstly, 
the  term  must  be  capable  of  defence  on  etymological  groundt; 
and  secondly,  it  must,  like  ^poie,  he  capable  of  ready  com- 
bination. After  much  consideration  we  have  decided  on 
proposing  the  syllable  sperm.  No  doubt  the  objection  wi0 
present  itself  that  the  Greek  (nrfp/xu,  like  the  Latin  "semens" 
and  the  English  "seed"  (as  used  by  old  writers),  while 
originally  meaning  the  ultimate  product  of  fertilisaUoB, 
came  afterwards  lo  signify  the  male  factor  in  impregnation; 
and  hence,  in  zoology,  terms  derived  from  these  roots  aw 
used  for  the  male  fertilising  bodies.  But  the  objection  appUei 
to  a  much  smaller  extent  to  phylo- terminology.  Some  temu 
compounded  from  "spcrm,^  ns  gymnospcrm,  angiospenn, 
&c.,  are  already  familiarly  in  use  in  a  sense  similar  to  tb*t 
we  would  indicate ;  while  of  those  used  in  the  reversed 
sense,  "  spcrm-celi,"  for  anthcrozoid  or  pollen-grain,  has 
never  come  into  general  nse  in  this  country  ;  "  spermatoxoid** 
is  easily  replaced  by  antherozoid  ;  "  spermogonium  **  ii 
simply  a  ])eculiar  form  of  aniheridium,  and  "spermatium** 
has  already  been  referred  to-  Accepting  this  term  as  th« 
least  open  to  objection  of  any  that  could  be  proposed,  it  will 
be  found  to  supply  ilie  basis  of  a  symmetrical  system  of  ter- 
minology, which  will  go  far  to  redeem  the  confusion  that  st 
present  meets  the  tftudent  at  the  outset  of  his  researches. 
For   the  unfertilised    female    protoplasmic  mass   the   term 
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oosphere  u  already  in  general  use  ;  aud.  though  not  all  that 
could  be  desired,  it  is  proposed  to  retain  it,  and  to  establish 
from  it  a  corresponding  sems  of  terms  ending  in  tpkere. 
The  entire  female  organ  before  fertilisation,  whether  uni- 
ccHular  or  tnuUiccllular,  is  degignatc-d  by  a  set  of  tcms 
ending  in  ffonium,  itgain  following  existing  analogy. 

Ai  will  be  seen  from  another  paper  presented  to  the  Asso- 
ciation, we  propose,  in  our  forthcoming  "Handbook  of 
C'rypiogamic  Botany/*  to  make  the  primary  division  of  the 
ThallophytM  into  the  three  great  classes  of  Protophyta, 
Fungi,  and  Algae,  each  of  the  two  last  being  again  divided 
into  three  parallel  Heries  of  Zygoanermea-j  OospermeBc,  and 
Carpospcrniea^,  corresponding  nearly  to  Sachs's  Zygospores, 
Oospores,  aud  Carpoeporeie.  In  the  Zygomycetes  and 
Zygophvccs,  the  conjugated  zygosphcres^  or  contents  of  the 
s^gr^oma,  constitute  n  ztjgotperm  :  in  the  Oomycetcs  and 
Oophycese,  the  fertilised  ootphere,  or  contents  of  the  oogo- 
nium, is  an  oosperm ;  in  the  Carpophycc^,  the  fertilised 
carpotphtrt,  or  contents  of  the  carpogouium,  constitutes  a 
cmrpotperm.  In  this  last  class  the  process  is  complicated, 
bring  effected  by  means  of  a  special  female  organ,  which,  to 
keep  up  the  etymological  anal<^,  may  be  called  a  tricko- 
gtmium  rather  than  a  "  Irichogyne."  The  ultimate  result 
of  impregnation  is  che  production  of  a  mass  of  tissue,  known 
as  the  eytt^carp  (or  "sporocarp  "),  within  which  are  pro- 
duced the  germinating  bodies,  which  must  be  designated 
carposporea,  since  they  arc  not;  the  direct  result  of  fertihsa- 
tion.but  which  must  be  carefully  distinguished  from  the 
so-called  "  carpospore  " — properly  an  archesperm — in  the 
Characeffi.  Any  of  these  bodies  which  remains  in  a  dor- 
mant condition  for  a  time  before  germinating  will  be  a 
hypnosp^mi. 

In  the  Zygoepermes  it  is  no  doubt  the  case  that  the  two 
conjugating  botlies  are  really  a  zygosphcre  and  an  anthero- 
zoid  (or  poltinoid) ;  but,  as  they  are  at  present  absolutely  in- 
distinguishable, it  seems  best  to  sacriHce  theory,  and  call 

L  them  both  aygosphercs. 

f  It  may  be  mentioned,  by  way  of  completing  the  analogy, 
that  a  precisely  analogous  set  of  term's  will  be  pro- 
posed for  the  Cormophytes  (Characeie,  Muscineip,  and 
Vascolar    Cryptogams),    throughout    which  the   fertilised 

Iarchegphere,  ot  contenLs  of  the  archegomum,  is  called  an 
arcjuitperm.  The  latter  term  may  be  objected  to  as  nearly 
identical  with  "  archisperm,"  used  by  Strasburger  and 
others  as  a  synonym  for  gyninosperm  ;  but  the  tirrm  bus  not 
come  into  general  use>  and  no  confusion   between  the  two 
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Be«ms  poosibt*.  In  the  propoi^d  system  xyfroipmu  irill 
replace  Strasburgcr's  "  cygottf,"  bdiI  the  "  gametes  "  of  Ihe 
some  wtiier  will  be  zygtisphom ;  while  hia  *'  zoogatnetes  "  or 
••  ijlamtyanipifg  "  mugt  enjoy  ihe  somewhat  puiiibrmw  naioc 
of  "  zoozTgospben's,"  ihu  prefix  "zou"  or  suffix  "zoid" 
being  always  used  to  denote  an  apparcnily  spontaneous 
pOW«r  of  motioit. 

In  the  Ba&idiotnycetes,  Atcomycetes,  and  some  othei 
elflsMs  of  Cryptogams,  the  entire  non-asexual  geoeratiOD 
which  bean  the  spores  is  frequently  called  the  "  reeeptaoki" 
a  term  nhioh  is  for  soreral  rt>asoii^  objectionable.  In  tl» 
first  place  it  li«n  no  meaning  etymolofricalty  in  itiis  connec- 
tion ;  and  secondly^  It  suggests  a  false  analogy  with  the 
receptacle  in  flowering  plants^  a  stracture  which  supports 
the  sexual  reproductive  organs.  A  conrcnient  expreasion 
for  that  portion  of  the  nou-sexual  generaiioti  which  bears  ths 
spores  is  the  frnf^ttfivatiott^  cor^e^poluli^g  to  the  Gorman 
equivalent  "  FruehtKorpeT,"  and  iilrcady  popularly  used  in 
this  feme  in  the  case  of  mosses,  a«  well  as  for  the  aori  of 
ferns.  Kxcept,  as  far  as  is  yet  known,  iu  the  case  of  the 
Basidiomycetea,  the  fructiBcation  i«  always  the  result  of  im- 
pregnation ;  and,  According  toBeess,  Eidam,  and  others,  the 
Mtne  is  the  rase  aUo  in  that  class  of  fungi. 

To  illustrate  the  simplitication  effected  in  cryptogamie 
tetminolugy  by  the  propueed  reform,  two  comparaiiro  tables 
are  appended ;  and  the  following  list  is  given,  which  enu- 
merates some  of  the  terms  iu  mora  frequent  use  hy  Tariouj 
trritera  as  respects  Thallophytes  and  CliaraceR,  all  of  which 
are  disused  in  the  proposed  system. 

Nun-nexnnl  organs. — Gemma,  conJdium,  gonidium,  endo- 
gonidium,  zoogonidtum,  macto/,ousporL>,iicruBpure,  ectusporei 
swarmspore,  pycnidium,  periiheciumj  apoiheciuoi,  iheca, 
recpntacle. 

Male  scxuai  organs. — Speimatozoid,  sperinatium,  spermo- 
gtfnitim,  globule. 

jFV/no^eeparuo/orijffm*.— Oospore,  rygo6pOTe,itygogonidiutB, 
zygozoospote,  rygote,  ganicle,  planogaraelc,  aplanogamete, 
RfccoRonium,  nucule,  sporocnrp,  ccTaraidium,  coccidiura, 
fateUa,  faVellidium,  sphaerospore. 


VsixuDims. 

Basioioutcbus. 


Oolphere. 

Oosperm. 


Carpogoiiiam. 

Carposplicrc. 

Carpoupcrm. 


Siiorangiiiiii. 

CouidiospQie- 

Zoosfwrc. 

ZcHjspori.'. 

Teleulospore. 
Accidiospoce. 
Ureiiosporc. 

Sporidiuui. 

TelcutOBporo. 
Sporidium. 

SasidtHpon. 
Sterunu. 

BBStaium. 
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On    ih*  Lamikas    T1S6CB  0/  Amphioxut.     By   Profesior 
PocCHBT.    (With  PUte  XXIX.) 

The  chief  resulu  in  this  paper  were  communicated  to  the 
SociclL-  de  Biologie  at  their  meeting  on  May  1st,  ISSO.' 

I.  I  M-as  lately  fortunate  in  obtaining  large  numbers  of  Am- 
phioxus  At  Coocarncau,  and  I  wbhA  them  in  endeavouring  to 
dear  up  a  special  point  in  their  histology,  which  seems  to  have 
been  only  very  imperfectly  touched  upon  by  the  numerous 
auihoTf  vho  have  studied  this  animal.  I  intend  (o  speak 
of  the  system  of  canals  and  cavities,  which  from  a  point  of 
view,  trhich  is  perfectly  legitimate,  are  comparable  to  fin 
rays.  Both  of  these  systems  are  differentiations  of  what 
may  be  termed  "  laminar  tissue." 

Ill  IM'JM.deQuatrefages  applied  the  term  "singular^to 
the  laminar  tissue  of  Amphioxtia.  Since  that  time  the  system 
of  space*  and  canals  which  have  been  obterved  have  not  been 
the  object  of  special  study.  The  fact  has  been  recognised 
that  they  do  not  coromuuicate  with  the  blood  capillaricf, 
but  their  histological  structure  has  remained  obscure. 
M.  Beichert  is  the  only  author  who  has  touched  upon  it,  and 
beseem*  to  have  guessed  at,  rather  than  proved,  their  analogy 
with  the  constant  elements  of  the  laminar  tissue.  He  ox- 
pTeesea  himself  thus,  "  Da  ilas  bindegewebige  Stroma  una  all 
peltucide  Grundsuhstanz  angesehen  werden  Kann  und  die 
daza  gehorigen  fiindesubstanzkorper  fehlen,  so  ware  ei 
moglicb  dasa  das  in  Rede  stehende  netsformige  Gebtlde 
den  zellenhalftigen  Thctl  des  bindegewebigen  Stromas  darv- 
tellt,  uDtet  dessen  Vermittelung  die  in  K>^os>er  Menge  ver* 
breitete,  ganz  hyaline  Gruridsubstanz  gchildi-t  werde/^ 

In  1873  Stieda' contents  himself  with  (jnotiiig  these  word* 
of  Reichert,  which  in  fact  contain  the  true  state  of  the  case. 

Before  Reichert*8  paper  was  published,  Owajannikuw*  de- 
scribed, in  1868,  io  the  region  of  the  tactile  corpuscU-a,  that 
it  to  say,  round  the  mouth,  connective-tissue  cells,  "  grrMM, 
langlich,  zuweilen  etemformig,"  and  compar'^d  them  to  the 
cells  of  the  cornea,  an  error  of  observatioo  as  will  be  leen 
further  on. 

>  'See  'Gasette  Mfcdieale'  for  May  22,  IftSO. 

•  Keicbert,  •  hnk.  t  Anal.,'  1S70. 

dc  St.  Pelwiberft'  vii-  Sine,  Tom  aii.  No.  7.  iV/S.  *»""•• 

•  "CHw  das  eentnUc  N«rT«aajrfc«  d«i  Aaphioia*  lajw*<.l«lii»," 
Ballet,  de  I'AeML  de  8t.  Vttenbemg/  T.  ui,  ivSh,  r 
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P.  Lnugcrhans,  ia  1873,  mentions'  the  same  cells;  oc 
describes  them  as  ?erjr  much  branched  (reich  veraBtelt),  ud 
compares  them, as  does  Owojanuikowitu  the  cells  of  tlieoomett 
and  corroborntes  ibc  description  of  Siicda,  lUihough  this  i* 
limited  to  the  quotation  from  Itcichert,  which  rather  goe* 
Rgainst  the  existence  of  such  cclb. 

Ouite  recently  Ant.  Schneider'  admits  the  truth  of 
Seichert's  ideas,  and  at  the  same  time  describes  (pp.  I  ud 
S8)  and  flcuieB  in  the  laminar  tissue  of  Amphioxus  m  ' 
Inte  tibro-plastic  ccllSi  inserted  by  their  prolun|;atioii* 
the  walU  of  the  true  capillaries  around  the  mouth. 

These  quotations  suffice  to  show  the  coufueion  and  incon- 
pleteneas  of  our  kiiowledgeof  the  laminar  tissueofAmphioxu*, 
and  of  the  formed  cleueutd  ^vhicU  it  presents.  As  we  Miallprr* 
sently  sliow.eTen  if  it  is  possible  to  find  isolated  cells  haviii; 
the  ordinary  appearance  of  stellate  fibro-plastic  celU,  i(  il 
quite  exceptional  at  least  in  the  adult.  In  out  preparations  we 
hare  found  one  or  two  in  the  thinnest  region  of  the  caudil 
lophioderm,  quite  at  the  extremity ;  with  this  exception  wt 
hare  not  come  across  them.  It  is  in  fact  a  very  decided 
chftracter  uf  the  laminar  tissue  of  Amphioxus  that  the  formed 
elements  atialogous  to  the  fibro-plastic  cell»  never  appeu 
in  an  isolated  state,  and  that  they  are  always  united  ^Jn 
into  scattered  groups  or  in  longer  or  shorter  row*  whicli 
are  mote  or  lees  regular,  and  anastomose  lo  a  greater  at 
less  extent,  forming  cords  which  are  sometimes  solid  ui) 
sometimes  hollow  for  a  certain  distance,  or  eren  form  httgt 
spaces. 

It  is  these  cords,  which  arc  partly  solid,  partly  holloind. 
and  generally  slightly  elongated,  which  have  been  ileseribeJ 
as  "systems  of  canals."  The  supposed  branched  cells  «( 
Owsjannikow  are  only  the  enlargements  of  this  very  irrt- 
gular  network  in  the  netghbotirhood  of  the  mouth. 

11.  As  these  cordoas  and  spaces  formed  by  lbecoalcac«ics 
of  the  cells  uf  the  connective  tissue  are  situated  to  a  large 
extent  in  the  layer  of  laminar  tissue  which  surrounds  the 
body  of  the  animal,  we  shall  first  of  all  describe  this/  add- 
ing, however,  but  little  to  tlie  descriptions  of  Stieda. 

Below  the  epidermis  you  get,  passing  from  without  in- 
wards— 

'  ''Zur  Anatomie  d«e  AupbloxoB  luOMtatus,"  in  *Areh.  f.  lijk. 
Anat-'  1373,  p.  301. 

*  '  iJeitnigc  zui  vcrglbiolieDciso  Aualomie,'  4(o,  Berlin,  IS/O. 

'  Conpire  wiih  this  the  sCrneture  of  tbo  eluu  tu>  dshts.  Sco  Poacliel, 
"Bu  d^veloppemcnl  des  poissocs  os»aux,"  '  Juurual  M  I'Au&tomie,' lb}* 
June  157a,  pp.  23S.2S9. 
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1.  The  detmi».  S.  The  Bubdetmic  layer.  $.  The  sub- 
cutaneous aponetirotis. 

1.  Tlie  tlermh^  i»  formetl,  tu  in  fishes  and  AmphibJA,  of  a 
Ihiii  Iftjrtft  which  appears  in  section  to  be  homogenpous,  luid 
which  in  Amphioxus  prc&enls  upon  its  cittcnml  surface  a 
double  rectangular  Btrifttion,  with  the  rro/ts^s  correspondintt 
to  the  Deite  tennioatioua  which  Laugerhans'  has  so  weU 
figured. 

9.  Subdermif:  taijcr. — ^The  subdertAlc  layer"  is  charac- 
tcHsed  in  Amphioxus  by  the  presence  of  a  large  amount  of 
Btriietureles*  substance.  This  iHtter  is  as  usual  absolutely 
hyaliti'',  and  Iteeps  this  character  even  after  the  action  of 
o^mic  acid  in  saturated  solution.'  It  is  trarerscd  by  fibres 
haring  the  character  of  laminar  lihres,  stretching  from  the 
(1«fep  faco  of  the  dermic  to  the  subcutnneouA  (cf,  fi^,  Sa). 
These  ftbres  are  abeotuiely  devoid  uf  any  nucleus  and  of  any 
division  into  cells,  ft  fact  not  without  interrst  «»  bearing 
upon  the  much  debated  history  of  the  genesis  of  the  laminar 
fibrea.  We  hare  pointed  out  in  the  following  terms'  the  ex- 
istence of  similar  fibres  in  the  lophioderm  of  larval  Axolotl« 
tneasuring  GO  to  60  mm.  in  length  :  "In  sectiona  cut  'k\a 
plancheite/  after  treatment  with  o«mic  acid^  the  amorphoua 
matter  is  seen  io  bo  traversed  by  ve'sels  and  nenes,  and  to 
enclose  some  6bro-pla»tic  cells  with  regular  spaces  between 
them,  invisible;  hut  extremely  fine  laminar  fibres  are  nUo 
eeen.  These  run  from  iho  skin  uf  one  side  to  that  of  the 
other,  in  the  same  manner  as  the  strings  tn  an  instrument 
in  a  vcrjr  beautifol  manner,  all  parallel  to  one  another.  These 
fibrea  Beem,  therefore,  to  ha%-e  no  relation  to  the  fibro-plastic 
cells." 

It  ivas  always  difficult  in  Axolotl  to  pronounce  an  opinion 
on  the  iudependeucu  of  the  fibres  and  cells  on  account  of  the 

Jkrc«enco  of  the  latter.  Whilst  in  .Imphiosus  there  are  no 
ibro-plastic  cells  furnished  with  any  prolongations  from 
which  laminar  fibres  might  be  derived.  These  arc  alto 
larger  than  in  Axolotl,  and  arc  more  deeply  stained  by  car- 
mine. No  migratory  corpuscles  are  found  in  the  hyaline 
f^tructureless  portion  of  the  subdurmic  tissue  of  Amphioxus. 
8.  Suhctttaneom  aponeurosis. — This  membrane  appears  in 

>  "Cutis  Oder  LedctbauU"  Stieds. 

'  1/WX  cii.,  fig.  IS, 

■  "  Das  UDtethaatgewebe"  ol  8UedA. 

•  For  Ibc  action  of  i!r:s  rengent  aee  Poudiel,  "  De  I'empliii  dca  solution* 
concealrfcesd'addcDjuiiiuc,*'  'Journal  dc  I'Anat.,'  Srpl.-Oct.,  ]97fl. 

•  G.  Pouchat  et  Tgurnetti,  '  Pr^w  d'litstoliwic  hmaalue  et  d'hiato- 
gwie,'  1S7S|  p.  lOa. 
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section  to  be  finely  siriated  as  in  fielies.  A  lamellu-  Btnic* 
ture  must  he  attrihutecl  to  tt^  and  elongated  nuclei  appear  ui 
certain  places.  It  belongs  to  a  syBtem  of  fibrous  tissue  wiOeh 
tltstributeil  in  the  body  of  tbe  animal ;  this  is  quite  distinct 
from  the  laminar  system  properly  so  called,  while  id  iti 
phydico-chemical  characters  it  approaches  the  dermis.  To 
this  system  belong  the  aponeuroses  which  t}«narate  the  musclei 
and  envelope  the  medulla,  &c.  The  skin,  the  subdt^rmic  apo- 
ueuroeis,  and  the  fibrous  partitions  of  which  we  have  bceo 
speaking,  when  treated  with  osmic  acid  and  picrocarmioe, 
take  a  splendid  red  staining,  while  the  structurelcs*  sub- 
stance of  the  subdermic  layer  and  other  varieties  of  atruc- 
turelcBS  substance  which  are  sometimes  found  in  the  body  of 
Ampbioxus,  remain  uncoloured  or  become  slightly  yellow, 
but  do  not  take  the  carmine. 

III.  We  bare  i^aid  that  the  special  character  of  the  fonned 
elements  of  the  laminar  tissue  of  Amphioxus  wae  that  tb«f 
are  never  preeenl  in  an  isolated  state  nor  as  cells  simply 
united,  liktj  the  cells  in  the  cornea  of  Amphibia,  by  nne 
prolongations.  We  shall  first  describe  these  elements  and 
the  network  which  they  form  in  the  "  lophioderm  "'  of  the 
caudal  iin  of  Amphiuxux,  and  afterwards  their  modilicationf 
in  other  parts  of  the  body  of  the  animal. 

The  caudal  "  lophioderm  '*  presents  a  network  with  regnlai 
elongated  meshes,  which  had  already  attracted  the  attendoQ 
of  M.  de  Quatrefages,  and  which  at  once  calls  to  mind  tbe 
figure  which  he  gave  at  a  time  when  the  technical  metbodf 
necessary  for  such  a  study  were  not  yet  in  rogue. 

This  network  is  arranged  in  one  plane  in  the  centre  of 
the  lophioderme,  which  is  very  thin  in  this  region.  The 
meshes  of  the  network  are  elongated  in  the  neighbourhood 
of  the  anus,  and  measure  60  ft  to  80  ft  in  length,  by  10^ 
in  breadth  (see  fig.  1).  The  substance  of  the  network  it 
formed  of  rods,  which  measure  generally  8  to  10  ;i ;  they 
may,  however,  he  narrower  or  broader  than  this.  They  are, 
ill  the  region  of  which  we  are  speaking,  flattened  out ;  they 
are  solid.  At  the  interauctions  of  the  network  there  are 
generally  6  to  10  larger  or  smaller  nuclei.  These  are  oral 
or  almost  spherical,  irregularly  placed,  and  separated  by  a 
distance  which  is  generally  less  than  their  diameter.  Some- 
times several  are  placed  in  a  row  in  one  of  tbe  rods.  Tbsy 
are  then  generally  more  or  less  obliquely  placed.  The  nd$ 
after  tbe  action  of  osmic  acid  stain  slightly  with   picrocar- 

■  laphiofttna  19  tbe  termed  \ntA  by  M.  roucliel  for  tite  dermal  IbM 
wiiicli  forms  tho  substance  of  tbt  meUiun  fln  in  Ampliioxas  and  io  An* 
pliibia. — Ed. 
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mine.  Thejr  represent  the  bodies  of  the  celU  united  one 
-with  another,  or  rather,  all  fused  together.' 

The  only  tissue  n'hich  approaches  in  hiatologicnl  struc- 
ture that  which  we  are  about  to  describe,  is  the  tissue  of 
the  cornea  in  the  eyes  of  bony  fish.  We  have  elsewhere 
described  this  tissue  thus  : — "  All  the  corneal  celU  appear 
fused  together,  bo  that  it  is  impossible  to  distinguish  their 
outline,  the  protoplasmic  bodies  of  the  cells  forming  a 
eort  of  merahraue,  with  nuclei  scattered  here  and  there. 
Thi;  meshes  of  this  uetnurk  are  small  ai]d  separated  by 
extremely  broad  rods,  wIulIi  forms  a  true  lamellnr  system 
mixed  up  with  the  fundamental  lamellar  system  of  the 
organ,  &c,"* 

In  the  lophioderm  of  Atnphioxus  the  mcshcR  of  the 
network  are  broader  than  the  rods,  and  these  latter  are 
disposed  in  the  same  plants ;  but  the  two  tissues,  uevertheiesit, 
present  an  aualogy  which  enables  one  to  place  them  side  by 
side  among  the  large  number  of  varieties  which  the  laminar 
tissue  of  vertebrates  presents  for  our  study. 

Fig.  6  shows  that  in  posterior  region  of  the  notochord  the 
nuclei  are  very  abundant;  they  are  very  small,  and  answer 
very  well  to  the  description  and  figure  given  by  Stieda. 
On  the  other  hand,  they  are  scattered  throughout  the  suh- 
etauce  of  this  organ,  which  does  not  agree  willi  the  upiuioa 
of  Kossman  (see  '  Verhandlungen  dcr  Phys.  Med.  Ges./ 
Wurzburg,  1874). 

Id  the  deep  layer  under  the  dermis  in  the  neighbourhood 
of  the  mouth,  the  network  of  cells  of  the  laminar  tissue  haa 
not  the  same  appearance.  It  presents  large  irregular  meshes, 
with  a  slightly  sinuous  contour.  The  nuclei  are  im  lunger 
accumulated  at  the  junctiont<  of  the  network.  The  rode  are 
almost  cylindrical,  and  are  swollen  here  and  iliere.*  These 
swellings  present  a  larger  or  smaller  hollow  in  the  centre, 
bounded  on  all  sides  by  the  protoplasm  and  the  nuclei, 
which  are  arrnngcd  in  a  single  row.  In  optical  section  these 
hollows  appear  to  be  simply  fissures  between  the  layers  of 
cellular  substance. 

Sometimes  these  enlarge  and  spread  to  a  greater  or  less 
extent,  but  they  always  remain  very  irregular.     This  is  the 

■  It  sometiiaes  htppoos  in  certain  proparaliHiis  that  at  the  inter* 
Kctioni  of  the  network  tlierv  t.i  »  sort  of  clcnmgc,  so  tbaC  Ibe  nuclei 
u[>i>^  to  be  eaeli  snrrouniiod  by  a  protoplasmic  body  witii  tt  polygonal 
uulline- 

=  G.  Pouchet  ct  Toimitux,  loc.  cit.,  p.  fil  1,  et  fe.  168. 

'  Th«e  sweUiogs,  scattered  on  the  ttiiuoest  toa»  of  tLc  uctwork,  hare 
no  doabt  giren  Hm  to  tlio  error  of  Uirsjannikow,  who  thought  he  had  teen 
the  cellalsi  bodies  uutomisiatc  by  iheir  prDlDugttions. 
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"•yplem  of  canals'';  it  »  very  different  from  a  capilUtf 
tyitem  properly  »o  called,  and  ii«  tiae  nature  im 
be«n  very  Tarioiuty  iittcrpreted  by  iliScmul  uiitUurs.  Is 
the  neighbourhood  of  the  notochord  ihv«c  cavities  sppMi 
to  ouUrgo  and  spread  out.  Fig.  3  d  shoirs  ontj  q€  tbsK 
cavities,  pyriform  iu  shape,  the  exireniity  beiog  nafTOved 
and  running  into  a  rod,  which  biadi  it  to  thv  uel^votC. 
Thus,  this  sort  of  hollow  swellings  formi  a  tiaubitian  M 
other  cavities  which  are  quite  separate  from  tho  network  ^ 
cells,  and  which  we  are  about  to  describe. 

IV.  The  upper  surface  of  the  anterior  extremity  of  Uw 
notochord  presents  isolated  groups  of  connecttve-lissaB 
cells,  which  completely  envelope  the  cavities  winch  tb*F 
bound,  being  arranged  iu  a  single  row,  as  iu  the  swellii)gs 
of  the  network  in  the  neighbourhood  of  the  niauth. 

These  ^ups  of  cells,  always  clearly  boundeil  oa  tbi 
outside,  are  generally  oval  iu  fariD>  or  rather,  polyhedral, 
where  they  are  crowded  together.  The  nuclei  presents 
slight  prominences  in  their  interior,  and,  in  cettaia 
iudividuaU  the  cells  contaiu  various  pigment  granule*  </ 
a  reddish  colour.' 

The  interior  of  the  cavity  is  Jilted  with  a  liquid,  which  it 
unacted  on  by  oimia  acid,  and  does  not  stain  with  molt 
reagents.  It  appears  to  be  watery.  The  further  w«  rec«tU 
from  the  extremily  of  the  cord  the  larger  do  these  laminii 
cavities  become  (see  Hg.  2),  They  become  also  slightly 
modi6ed,  and  Bnally  constitute  the  organs  described  under 
the  very  bad  name  **  fin  rays  "  (see  figs.  1  and  Q).  The 
structure  of  these  organs  is  extremely  simple.  They 
are  cellular  spaces,  larger  than  the  others,  almost  cutdcal 
in  foro),  one  wall  of  which,  that  which  looks  towards 
the  notochord.  is  iuvaginatcd  into  iho  interior  of  the  cavity 
itself,  so  as  to  Hll  up  two  thirtU  or  three  fourths  of  it.  Vit 
call  the  iuvaginated  portion  ihe  papilla.  It  is  luadu  of  a 
structureless  stibitancc,  presenting  special  characters  which 
clearly  distinguish  it  from  that  of  the  sub-dermic  layer. 

Stieda  describes  these  parts  very  incompletely.  He  stateSi 
it  is  true,  the  anait^y  bctivecn  these  cavities  and  the  system 
of  cinals,  and  describes  their  cellular  covering,  but  the  in* 
vaginated  portiun  which  Mullcr  had  already  menlioued  he 
has  overlooked.  Aliiller  states  that  in  the  interior  of  these 
cavities  there  exists  "  eiue  durchsichtige  Fliissigkeit  uud  eioe 
consistenterc,  aber  weichc  Wassc."  The  cavities  are  bounded 
at  the  sides  and  below   by  the  subcutaneous  aponeurosis, 

'  SoQic  ipecimeua  of  Ampliio&us  prcsect  a  red<liali  tint,  Dtlicrs  s 
greenish. 
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and  are  nopatateil  from  one  another  Ity  iransrers!?  imrLitionB 
(se«  6g.  5),  which  are  very  thin.'  The  whole  cartty,  the 
papilla  »«  well  as  the  %yalU,  is  lined  with  a  layer  of  celli, 
which  elostly  resemble  those  lining  the  other  spares;  there 
is  no  appreciable  difference  between  the  cells  on  the  pspilia 
nnd  thote  oil  the  walU.  The  contnined  liquid  eeems  to  be 
the  same  as  that  in  the  other  spaces. 

In  the  living  animal  the  substance  of  ihe  papilla  can  only 
be  distinguished  from  the  ambient  liq^uid  by  the  optical  effects 
due  to  their  dificring  density.  In  n  Riieeimen  whieh  has 
been  pre Bcrred  in  alcohol  ihepupilU  hnd  almost  disappeared. 
Certain  reagents  have  the  tame  action,  whilst  others  up|>ear 
to  swell  thL'm  up.  If  tiie  specimens  are  put  into  alcohol, 
even  aft#T  the  action  of  osmio  acid,  the  papilla  are  altered  in 
shape  and  drawn  in.  Their  surface  presents  depressions, 
which  gives  them  a  jagged  appearance  in  section.* 

The  uw  of  reagents  brings  to  \'ie\v  minute  ca\iiie*  inside  the 
papilla,  more  or  less  irregular,  and  about  the  size  of  one  of 
the  nuclei.  Suitable  methods  5how  that  the  amorphio  sub* 
stance  of  the  papillm  contains  nothing  but  some  very  fine  and 
scattered  fibres.  Transverse  sections  (fig.  4)  ehowvery  well 
the  relations  of  the  papillic.  There  is  a  fibrous  lamina  occu- 
pying the  middle  Hno  of  the  body,  which,  bifurcating  at  the 
level  of  the  upper  edge  of  the  two  lateral  niuficiilar  masaes, 
joins  on  each  side  the  sulicutaneouB  aponcnrosid.  The  base  of 
the  papilla  rests  in  the  groove  formed  by  this  bifurcation,  and 
is  clearly  marked  out  by  its  physico-chcniical  characters.  The 
cavity  which  it  contains,  is  itself  bounded  laterally  and  below 
by  the  suWutaneous  aponeurosis. 

The  papilla  is  traversed  towards  its  base  by  a  layer  of  very 
fine  fibres  {6g.  4,  r.)  strctehed  boiwpeti  the  two  fibrous 
laminte.  In  front  nnd  bphind  (tig.  5,  c.)  this  sheet  of  fibre* 
becomes  raised  up  burure  being  inserted  into  thu  partitions 
which  separate  the  cavities.  On  the  upjier  face  of  the 
layer  a  very  loose  and  irregulnr  network  of  extremely  fine 
laminar  fibres  rise  up  and  spread  out  in  the  centre  of  the 
papilla.  None  of  tEiesc  arc  directed  downwards.  When 
trexled  with  osmic  acid  and  then  eaturnted  with  picro- 
curminc,  the  subi'tanee  of  the  papilla  assumes  a  slightly 
greenish  tint,  and  moreover  becomes  slightly  granular,  and, 

'  Ant.  Schneidrr,  irho  bclirvi^s  tdiit  IhpiC  carities  cotnmaBicate  wiLli  Uie 
sjfstctn  of  canals,  dnCTtlics  the  Intlcr  ns  boiiiuicd  b;r  a  membruie,  with 
nuclei  and  finely  tlriatcd  Dbres.  and  oilla  Ihcso  fibres  "nimoulBr  (?),"  toe, 
rit,  pp.  8.  9. 

'  xiiu  it  is  irbiob  Ant.  SchDculcr  (loc.  ciU,  p.  S)  has  deagribed  as  stalkedj 
nnd  SQpposes  them  to  be  contiaotife  1 


therefore,   to   a.   certain    exlent    o]iat}u«. 
belongs  to  it  alone  ;  uixJer  llio  influcncu  uf  the  same  reagwti, 
the   amorphous   matter   in    other    psru    of    the     bodj  of 
Amphtoxua    i«raiiiu$    hyaliDc,    and    the    layers    of    6bm 
become  stained  bright  red.' 

In  certain  cases  (&g.  5)  a  very  clear  and  definite  atrattfia-' 
tion  of  the  aniuiphuus  matter  may  be  seen  iu  the  papilU.  TIk^ 
peripheral  i>ortiou  and  the  base  arc  clearer  and  less  opttnv 
than  the  central  portion,  and  the  boundary  between  ibeM 
different  portion*  is  clearly  marked  out.  The  central  pOTtioa, 
which  is  also  the  darkest,  rests  on  the  layer  of  transvene 
fibres,  and  is  raist-d  up  against  the  partitions  of  the  caritiw 
to  where  the  endothelium  is  reBecied. 

Iu  the  centre  of  the  papilla  this  dark  zone  pi««enCfl  i 
large  projection,  which  itdelf  may  be  surmounted  by  u 
intermediate  zone. 

V. — What  histological  and  mor|iUological  signifieatioB 
can  be  attributed  to  the  |>api11a  and  to  the  cootainii^ 
cavity  ? 

The  papilla  evidently  belongs  to  the  category  of  connecliTC 
or  laminar  organ&. 

The  amorphous  substances  are  everywhere  very  abundaol 
iu  Amphioxus.  In  trausvcrso  sections  (£g.  4)  two  thick 
layers  {d,  e)  of  greenish  amorphous  substance,  hyaline  and 
devoid  of  laminar  libres,  may  be  distinguished  on  eacli  sidt 
of  the  median  aponeurosis.  Elsewhere  the  amorphous  auln 
stance  is  very  dark  (/,  g),  and  contains  thick  Abres,-  and 
although  no  part  h  so  opaque  as  the  papilla,  tl  is  cvidcDt 
that  it  is  a  simple  variety  of  conuectivc-tissuc,  cliaracterised 
by  the  absence  ofcellularelemcnts,  the  great  scarcity  of  fibre*, 
and  lastly,  by  the  probable  presence  ol  a  certain  quantity  of 
fatty  matter  in  a  tinely  divided  state. 

The  meaning  of  the  cavity  whicli  surrounds  the  papilla  i» 
also  evident.  It  is  a  space  which  is  more  developed  tbsD 
the  rest,  and  which  tend.o  to  take  on  the  character  of  s 
serous  sac.  Silver  nitrate  gives  the  same  result  as  on 
serous  membranes ;  in  the  only  preparation  we  have  made, 
the  network  of  silver  staining  is  very  clear  upon  the  lateral 
walla  of  the  cavities,  but  docs  not  show  upon  the  papilla, 
but  no  doubt  could  be  obtained  there  also  by  employing  . 
suitable  methods.  m^ 

>  After  tl)(t  morn  pTnt«n;rcd  sction  of  osmic  seid  and  sicoHol  the  paptlli 
becomes  darkly  coloured,  Bud  cert&ia  cuiourcd  oily  globules  sppearca  lo 
be  emitted  hj  il.  Thiii  hccidi  to  iudic&tc  tfac  pircMucc  of  fatly  bodie* 
in  its  coniposilioQ. 

'  Comp.  '  Ant.  Sciiorider,  loo.  oiL,  p.  7. 
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When  one  observes  the  gradations  of  structure  belneea 
the»e  cavities,  the  small  separate  cellular  cavities  placeJ  at 
the  eAlretniiy  of  the  cord,  the  terminal  cavities  of  certain  rods, 
andj  lastly,  the  rudimentarjr  cavities  in  the  swellings  of  the 
network  in  the  neighbourhood  of  the  mouth,  one  is  led  to 
l^^gard  these  Tarioue  structures  as  the  first  indications  of  a 
system  of  serous  cavities  and  lymphatics.  Besides  this,  the 
cellular  lining  of  these  cavities  has  quite  the  characters  of  the 
lining  of  the  embryonic  serous  sacs  in  the  higher  VLTCehraia. 
We  confine  ourselves  to  merely  suggesting  this  as  a  probable 
analogy,  as  we  have  no  exact  account  of  the  hisiogeuic 
develojimeat  of  these  purls. 

Lasll}',  what  morphological  signification  shall  we  give  to 
the  organ  represented  by  the  papilla  and  its  cavity  V 

Hero  all  terms  of  comparison  leave  us  comi)leiety  ul 
fault ;  no  homology  Whatever  among  vcrecbrates  is  to  be 
thought  of.'  Their  number  corresponds  neither  with  that  of 
the  spinal  nerves,  nor  with  that  of  the  myotomei;  they  are 
about  three  or  four  times  as  numerous. 

The  connection  which  certain  authors  put  forward^  be- 
tween the  papilli  and  the  fin-rays  ought  rather  to  be  con* 
sidered  as  an  analof/y  than  a  true  homoiugy,  Amphioxus 
is  not  altogether  devoid  of  cither  cartilage  or  bone.  It  is 
cartilage  which  forms  the  skeleton  of  the  oral  tentacles ; 
it  is  bony  substance  which  forms  the  framework  of  the 
branchial  skeleton.  The  papillfe,  looked  at  from  the  point 
of  view  of  general  anatomy,  would  form  a  third  kind  of 
skeleton  element.  They  would  reprc&ent  a  first  stage  in 
the  differentiation  of  amorphous  matter  which  is  about  to 
form  a  special  organ. 

It  should  not  be  forgotten  that  amongst  Teleostean  fishes 
a  certain  number  of  bony  organs  of  the  dermal  skeleton 
result  simply  from  a  similar  differentiation  of  amorphous 
intercellular  substance,  such  as  we  have  shown  in  the  bony 
plates  of  Syngnnthians.  In  the  latter  case,  the  amorphous 
matter  becomes  individualised  as  calcareous  salts  are  de- 
posited  in  it;  in  the  papiUi  of  Amphioxus  fatty  matters  are 
no  doubt  deposited  in  it.  In  any  case,  both  belong  directly 
to  a  numerous  and  varied  group  of  amorphous  intercellular 
substances. 

'  Wr  tnx*  licrc  nute  »  peculiarity  wliicb  presents  itself  in  the  shcatli  of 
the  notoclionl  of  Amphioxus,  Ici  Uic  most  tucoenaful  tnasTersc  seotions 
tbis  pr«tient«  abore  a  sIifrhtinediiintirominPiicc(cf.  Ant.  Sclmeidcr,  loc  cit., 
pi.  xiT,  &%.  1),  anii  belnw  twa  sUf^ht  pruiiiiueaces  oii  vnch  side  of  the 
ueditn  line,  which  no  doubt  niiglil  W  coiisidcreii  aa  the  fir&t  rudimcatB  of 
llic  Tcrtebral  tkiJctoij, 
n      '  AalOB  Scliiieider,  Igc.  cit..  p.  6,  • 
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Wc  point  out  this  analojry  brre  without  ^ving  to  it  man 
weight  ihnn  seems  jnstitiable,  in  the  absence  of  vpectil  n^ 
searches.  We  maj  add  that,  from  whatever  point  of  riew  «i 
look  Ht  the  subject,  cither  thslof  contparative  anatomy  or  thti 
of  general  anatomy,  a  considerable  diflereuce  still  remaisi 
between  the  {HXpilla  of  Ainphioxus  enveloped  in  its  Hroot 
cavity  and  the  dermal  boti)-  productions  of  fisbcj.  Up  u 
the  present  day,  at  any  rate,  jotermediate  condittoos  in 
wanting  which  would  show  bow  such  a  tnorphologieil 
evolution  could  have  taken  place  as  is  taken  for  granted  in 
bringing  ibesc  organs  together,  from  a  more  or  less  pi*- 
nounced  phylogenetic  |>ointof  view,  under  a  common  denomi- 
nation. All  jusL  ground  for  establishing  a  real  homology 
between  them  is  wanting.  Although  the  papilisc  parukc, 
along  with  true  En-rays,  of  the  character  of  akeletal  organs, 
they  clearly  possess  a  apeoial  nature,  without  homolc^ue,  in 
other  vertebrates. 

llu^m  de  Paris  1  Juac.  1^80. 
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\e  PaBiPHBRAi,  Nkhvous  Systeu  in  Paljbo-  and  Scni2o- 
NEUBKTiM,  one  of  the  Layers  of  the  Uodv-wall  By 
Dr.  A.  A.  \V.  IliimtfCUT,  uf  Leydeii.  Witli  Plates 
XXXIl  aiid  XXXIII. 

In    a    paper,  whicK  was  published  in  May  last,  \n  the 

Veihantlclingcn  vnn  de  Koiiiiilclyke  Akadimiio  van 
IVetotischappen  te  Amstcrditm,  vol.  xx,'  and  which  treats  of 
the  anatomy  and  physiology  of  the  nervous  system  of  the 
Neinerteaas  (an  abstracl  of  the  paper  with  nccampaiiying 
plnle  appeared  in  (he  July  iitimlier  of  this  Journal),  the 
peripheral  nervou!>  system  is  dealt  with  very  superficiaHy 
only.  This  was  done  un  purpose.  Ac  the  time  when  that 
pa]>er  was  prepared  for  the  press  the  results  which  I  had 
arrived  at  concerning  the  peripheral  nerves  in  the  two  sub- 
orders of  the  Faljbo- and  ScHi7^>NBMBKTiNi  Were  SO  ntDch 
in  contradiction  with  everything  hitherto  published  on  the 
subject  that  I  could  ]iot  vt^nlure  to  publish  these  results 
before  1  had  been  able  to  convince  myself  of  their  trust- 
worlhineSB  in  numerous  series  of  preparations,  which  should 
•gradually  come  under  my  observation.  During  the  correc- 
tion of  the  proof-sheets  of  that  paiier  I  was  happily  surprised 
iu  obtaining,  much  sooner  than  I  expected,  different  seta 
of  sections,  which,  by  their  superior  state  of  prctservatiou, 
allowed  me  to  settle  the  point.  I  could  only  mention  this 
briefly  and  insufficiently  in  the  explanation  of  llic  jilatc  be- 
longing to  that  article.  A  more  detailed  account  was  at 
the  same  time  promised;  and  is  now  embodied  In  the  follow- 
ing pages- 

A.  Central  Nertom  Systatn  and  Cephalic  Nerves, 

The  central  ncrvoua  system  of  the  Nemertines  is  composed 
of  two  longitudinal  trunks  rutining  parallel  to  each  other  all 
along  the  whole  length  of  the  body  ;  they  are  dilated  ante- 
riorly into  a  very  simple  or  a  more  complicated  pair  of  brain- 
lobes,  situated  above  the  alimentary  canal  (often  in  front  of 
the  mouthy,  luid  united  together  by  a  ventral  and  a  dorsal 
commissure,  the  latter  always  thinner  than  the  former. 
Pofitcriorly  these  longitudinal  trunks  either  terminate  very 
close  to  the  end  of  the  body,  or  they  arc  again  united  by  a 
third  commissure,  which,  like  the  brain,  piisses  oiorc  the 
ulimenlary  tract  in  the  anal  region.  The  whole  of  the  i-en- 
tral  nervous   system     ("  murroW'triinks "  and    brAin-lobes) 
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Gooutu  of  fibrillar  oerre-tabiUDcc,  U>  which  a  chick  Unr 
of  nerve-oelU  is  anintemiptedl;  appUed.  This  orilwt 
coating  is  nonhere  dilated  into  ^nglioaio  sweUinga,  eutfi 
in  the  brain  it»elf. 

An  imporumt  difference  is  presented  in  the  situarion  of  ihi 
central  nervous  sjrstem  with  respect  to  the  muscalar  htAp 
wall  in  three  difTerent  group*  of  genera.  In  tho  more  pr»> 
Uvelf  organised  genera  of  the  PAi.AOKKMEBriHi  [CarinA 
tomulaia,  itutxpecUUa^  &c.)  the  whoie  of  the  nerroua  tfatUB 
lies  directly  under  the  epiderm  outaieU  of  the  muscles  ;  in  tw* 
other  genera  of  Paubombmkktim  and  iu  all  the  Scnu»- 
NBUBRTiNi  it  lies  enclosed  te>i'Min  the  muscular  coat  ofibe 
body,  generally  between  ihe  outer  longitudinal  and  the 
inner  circular  layer  of  the  muscles,  whereas  in  the  Hotlo- 
NKMRRTiNi  the  longitudinal  marrow-trunks  are  sitoati^ 
imide  the  muscular  body-wall  in  the  bady*cavity. 

Three  seu  of  cephalic  ner\'cs  originate  directly  from  tlw 
brain :— a.  Nerves  to  the  tip  of  the  snout  and  to  the  ejet  [tf 
present),  h.  A  pair  of  nerves  for  the  proboscis,  r,  A.  pail 
of  nerTes  for  the  wall  of  the  cesophagiu  and  alimentary 
canal  (u.  vagus). 

B.  Peripheral  Nervet, 

A  rapid  recapitulation  of  what  is  said  about  the  periphetaJ 
nervous  system  ofNemertines  by  the  three  authors  who  have 
furnished  the  best  ori^nal  investigations  on  these  worms— 
Quairefages,  Keferstein,  atid  Macintosh — may  precede  the 
enumeration  of  the  results  arrived  at  by  myself,  aud,  at  the 
same  time,  serve  to  explain  apparent  discrepancies. 

Quatrcfages  ('  Annales  de«  Sciences  Naturelles.'  v\,  1846, 
p.  ST8)  says,  speaking  of  the  longitudinal  marrow-trunks = 
"  De  ces  troncs  partent  d'espace  en  espace  des  £lete  qui  le 
portent  probablement  aux  couches  muscutaires,  mais  qaeje 
n'ai  jamais  pu  snivre  assez  loin  pour  $tre  certaiu  de  ce  fait. 

•fe    n'ai  di&tjngu^  le  long  de  ces    troucs  primitifr 

aucune  trace  de  v^ritables  ganglions.  Seulemcnt  les  filet* 
qui  en  partent  sont  assez  reguliercment  epates  i  teur  bate 
et  quelquefoison  pourrait  croire  qu'ily  a  U  unc  sorle  de  ren- 
flcmcnt,  mais  ceite  particularity  ne  se  r^produit  paa  d'une 
maniftrc  constante." 

This  is  all  the  information  he  gives  about  the  peripheral 
nerrouR  system.  I  must  insist  upon  the  fact  that  alt  his 
figures  (pi.  8,  fig.  3;  pi.  9,  fig.  1)  in  which  he  represents 
tlje  small  bianclies  spritiging  from  the  longitudinal  trunks 
belong  to  tlie  suborder  of  tlie  Hoplonemertini.  In  a  sepa- 
rate figure    of  the  longitudinal  nerve-trunks  of  CarineUa 
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(pi.  viit,  fig.  3)  no  lateral  branches  arc  indicated  in  the 
drawing, 

Kefcratein  writes  ('  Zeilschr.  f.  WisseiiBch.  Zoologies' 
Bd.  xii,  p.  80);  "  Aus  den  Seitennervcn  trotcn  in  rogcl- 
ma'sigen  Abstiuiden  (pi.  v,  fig.  10)  ft'tne  N<rveD,  mit 
breiter  Basis  enispringeiKl,  nus,  die  ich  ciur  biaaufiinbe- 
<teiitenden  Abstand  vom  Seitennerven  verfolgen  konnte  und 
die  wahrscheinlich  hatipUachlich  in  die  Ilautspgehen." 

The  figure  in  which  ne  indicnice  these  peripheral  nerves 
implanted  upon  th^  longitudinal  irunits  is  again,  in  this 
case,  one  of  the  IloplonemerCeans,  viz.  Amphiporu* 
9pUnd\du4, 

Maelrtiosh  ts  the  first  to  make  separate  mention  of  the 
state  of  things  as  he  finds  them  in  the  armed  and  unarmed 
species. 

Of  the  first  be  says  ('  A  Monograph  of  British  Annelids, 
A.  Nemerteans,'  p.  83) :  "  The  branches  given  off  by  these 
trunks  are  generallv  pain  and  indistinct .  but  by  the  use  of 
dilute  acetic  acid  in  Amphiporus  lactijlorcvs,  and  in  others 
wtthoul  such  aid,  they  can  be  satisf'iictorily  observed.  Thoy 
are  easily  seen^  for  inetance,  in  Amphiporut  ptdcher,  the 
reddish  colour  which  tinges  thi^m  at  their  commencement 
shining  through  the  translucent  integuments.  Au  elaborate 
plexus  of  branchi-s  from  tlie  lah-ral  trunks  has  also  been 
noticed  in  these  species"  (pi.  xvi,  fig,  3j, 

Of  the  unarmed  species  lie  nrites  aa  fullows  (ibid., p.  110)  : 

"  Branches  probably  exist,  but  only  faint  traces  of  such 
are  seen  in  the  longitudinal  sections,  for  the  opacity  of  the 
textures  in  the  living  animal  prevents  their  being  satisfac- 
torily made  out." 

Macltttoth's  very  hesitating  affirmation  'concerning  the 
presence  of  peripheral  branches  in  the  unarmed  Ncmerteans 
is  certainly  a  step  in  advartce  of  bis  predecessors,  who  did  not 
notice  any  difference  in  this  rpspect,  who  principally  ex- 
amined and  only  figured  armed  tspecies,  and  regarded  the 
farts  as  they  found  them  in  this  subdivision  at  tlie  suniu 
time  as  normal  and  typical  for  the  whole  order.  In  this  way 
the  error  has  for  a  long  tlin*;  persisted,  which  I  now  hope  U> 
clear  away  detinitely,  that  the  peripheral  nervous  system  of 
the  Nemerieans  corresponds  in  general  to  the  type  of  the 
HopLOXBMBBTim,  in  which  it  was  first  described  and 
figured. 

My  own  investigations  of  the  HoPLONEMERTtNt  did  not 
fuTuifeh  any  new  rogult«  worthy  of  note.  I  found  the  small 
hrannbcs  given  off  by  the  longitudinal  trunks  as  the  above- 
cited   naturalists   have   descnbed   them.      Thes«   branches 
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follow  <>iicli  ollirr  nl  regular  iuirrrali,  probably  ccrrtvpondaf 
in  Dumber  with  th«  «uc(->*.iv(^  interokl  metftmcric  dirniou 
of  ibe  body.  Tbcy  remaio  uodivjded  fur  k  certmin  dulucr, 
and,  B[)ivaditig  out  iu  thi*  inu^cuUr  ti&tur,  nro  quickly  Mb- 
jecied  to  a  dichotomic  dlvUiou,  wbicb  give*  rue  to  noBttivc* 
smaUer  twi^.  Tliey  can  be  clrarly  made  uut  by  eampiw- 
■ion  of  the-  living  animal,  with  or  without  the  use  of  dtUiu 
acetic  acid^  as  well  as  ia  longitudinal  and  horizontal  wc* 
tiuiis.  I  gcDerally  noticed  two  braDches  fipringing  from  tbi 
ume  region  of  the  longitudinal  truck,  one  turning  to  tlu 
dorsal,  the  other  to  the  ventral  half  of  the  mtucuMr  body* 
wall  (eee  PI.  XXXII,  fig.  3,  aud  ia  another  paper,  *  Auc 
tcckeningen  over  de  Anatomic  enz.  van  eenige  NcmeriiDra,' 
Utrecht,  11^74,  pi.  i,  fig.  St).  The  elaborate  (ilexufi  k 
branches  observed  by  MacInUtah  is  worthy  of  iiute,  u  I 
will  try  to  show  hereafter ;  it  was  ftomeiimcs  ob^ervwl  I17 
myecir,  although  iu  a  lesder  degree  thau  is  represented  ia 
MacJiUosk's  figuri-. 

The  two  other  Nemertenn  suborders,  the  Paugo-  aud  the 
ScuizoKFMERTiM,  of  which  1  cxiimiiied  »everal  hujidivds  of 
sections,  mott  of  them  funning;  uninterrupted  series,  gradually 
puzzled  me  more  and  more  by  the  absence  in  nil  these  sec- 
tions, lon;;ittidinal  as  well  as  transverse,  of  any  amall  branch 
springing  from  the  longitudinal  marrow' trunks.  Even  tbe 
faint  traces  which  Maclntoth  believes  to  havu  observed  now 
aud  then  did  not  make  their  ajipcaraiice,  and  ihe  better  the 
sections  were  preserved  and  stnined  the  more  coiispicuoos 
wiis  their  absence.  On  the  other  hand,  well-preserved  &«• 
tions  of  Schizonemerteans  always  show  the  thick  coaling  of 
nerve-cells  surrounding  the  central,  more  fibrous,  tissue  of 
the  longitudinal  trunks  very  clearly  (PI.  XXXII,  fig<  6]. 
The  whole  of  the  trunk  and  cellular  coating  is  aj^ain  sur- 
rounded by  another  layer  of  homogeneous  connective  tissue, 
which  separates  at  the  siinie  time  the  external  layer  of  longi- 
tudiual  musculnr  dhres  from  the  internal  circular  muscular 
layer,  not  only  in  the  vicinity  of  the  nerv^-trunks,  but 
throughout  the  whole  extent  of  the  body  (cf.  PI.  XXiU, 
fig.  1^,  iu  the  Julj-  number  of  this  Journal).  In  this  homo- 
geneous layer  is  sitimted  another  somewhat  thinner  layer  of 
tissue  of  an  entirely  diScrcnt  hielological  character. 

It  is  tiiiti  last-named  layer  which  we  now  have  to  ex- 
amine in  detail.  Staining  rea^enls,  .is  picro-carmine,  &e., 
hHve  very  little  effect  upon  the  bulk  of  the  tissue,  altbougli 
they  render  conspicuous  in  it  the  presence  of  numerous 
nuclei,  which  distinctly  stand  out  with  a  mors  or  less  deep  red 
tinge.    Each  nucleus  is  provided  with  a  nucleolus^  and  now 


I 


I 

I 


I 


I 


an<l  then  trAcc!  of  tlie  circumference  of  a  cell  enclosing  this 
nucleus  are  vwible.  No  differeuce  can  be  detected  belweeii 
these  nuclei  ami  tliose  of  the  ncrve-cells  of  the  hraiu-  amt 
marrow- trunks.  The  bulk  of  the  tissue  which  remaios 
colourle&a  hu  a  finely  puitctate-fibriUitr  Rpjicaranco,  rcsem* 
bling  in  this  respect  the  fibrillnr  nerve -subsiancc  as  we  find 
it  in  the  ceutre  of  the  longitudinal  trunks  of  these  uorme. 
A  charHCteristic  difference  is,  however,  noticed  in  the  fact 
thnt  the  separate  cells  appear  to  be  more  numerous  in  this 
fibrillar  plexus  than  they  are  ia  the  fibrous  centre  of  the 
longitudinal  trunks. 

This  curious  layer  forma  a  cylindrical  sheath  throughout 
the  whole  body  beHvceu  the  lonjjitudinal  and  circular  mus- 
cular layers.  The  mediuu  dorsal  nerve  (which  in  u  former 
paper  I  proposed  to  call  the  nerve  for  the  proboscidian 
•heath)  appears  as  a  simple  tiiickening  of  this  layer,  and 
laterally  the  longitudimil  marrow-trunRs  may  in  the  same 
■way  be  looked  upon  as  parallel  thickenings  of  the  same 
tissue,  as  the  gauglion-celU  in  the  lonKitudinal  nerve-trunks 
gradually  merge,  without  any  considerable  difference  in 
histological  character,  into  the  cells  of  this  layer.  In  the 
sheath  of  ganglion-cells  belonging  to  each  longitudinal 
trunk  the  bountlaiiee  of  the  cellii  are^  however^  more  con- 
spicuous and  always  visible,  and  this  is  not  so  distinctly  the 
cafre  in  the  circular  layers.  This  cylindrical  tunic  of  distinct 
tissue,  which  in  front  is  applied  to,  when  not  in  direut  com- 
mHuication  with  the  tissue  of  the  brain  (PI.  XXXIIl,  figs.  9 
and  10),  must  no  doubt  be  regarded,  after  what  we  have 
noticed  about  it«  histological  character,  as  a  nercotts  layer. 
Its  constituents  arc  nerve-cells  as  well  as  fibrillar  nerve- 
tissue. 

PL  XXXllI,  fig.  12  shows  a  small  part  of  this  nervous 
tunic  in  a  horizontal  section  through  the  back  of  the  animal ; 
nps.  is  the  median  dorsal  nerve ;  7il.  is  the  fibrillar  plexus 
with  the  separate  cells,  forming  together  a  layer,  differing 
in  (hickiieM  according  to  the  size  of  the  animal,  and  always 
only  partly  visible  in  a  single  section.  The  longitudinal 
(ij/.)  and  circular  {TM.)  muscles  are  only  sparingly  indi- 
cated in  the  figure,  as  are  aleo  the  thin  fibres  which 
directly  traverse  the  nervous  layer  (cf.  figs.  6  and  7). 

The  hypothesis  of  the  nervous  natureof  this  layer  is  strongly 
confirmed  by  processes  which  are  sent  out  by  it  into  the 
adjacent  muscular  tissue,  and  which  generally  carry  one  (fig. 
8)  or  more  nerve-cells  (fig.  11) ;  sometimes  none.  At  other 
times  these  ramifications  have  a  still  more  marked  fibrillar 
appearance  ;  for  example,  those  which  leave  the  median  dorsal 
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oervo  atiil  strrich  vrrticaUj'  tlownwardt  towards  the  pn- 
bofoidian  theikth.  I  believe  I  am  juBtified  in  rej^arding  ihttt 
|vooeMes  u  the  equWalentf  of  the  smallest  tertninftl  twifi 
of  the  nerve  branches  in  ihc  HopLosEUERTisr  and  othrt 
animals  wiih  a  diehotomtciilly  (divided  peripherAl  nervout 
system.  At  the  same  time  I  muet  rif-inrd  the  itervou»  luRtf 
just  iketclied  as  reiiresenting  a  more  primitive  type  ^fp^ 
pheral  nfirpe-ty$tcin,  in  tohieh  it  has  not  yet  comn  to  a  hcJi' 
saiion  into  trtmsrerse  branches,  metameriealiy  plac«J^  hmt  m 
\chieh  one  of  the  layers  of  the  body-icaU  is  yet  infunetmm  Mi 
ths  reciputHt  and  conductor  of  nervous  stimuli. 

The  facts obsc-r^etl  aud  «l>ove  described  for  the  numervaf 
sjl^'CM'S  and  genera  of  Schizomimkrtim  are  so  {lalpable  «n< 
unmistakable,  and  at  the  same  time  so  conaraiit,'  that  the 
question  immediately  presents  iliielf: — How  do  the  te«f  diAr- 
enciaied  and  older  types  of  Nemerteans,  the  Pal^oxeuek- 
TiNi.aud  inyri- especially  the  genua  CarineWi,  behave  in  ihU 
res()ect  I 

PI.  XXXI  I,  fi^.  4  and  5, may  ^eive  to  p^ve  the  answer  to  ibii 
question.  We  find  the  whole  of  the  central  nervous  s} »!«■ 
directly  under  the  epiderm,  exteriorly  lo  tlio  muscles  of  tte 
body-wall ,  as  mtrs  noted  above.  A  thick  basement  niembraw 
separates  the  cellular  pnrt.s  of  the  skin  from  the  subjareilt 
muGcular  tissue,  and  in  this  bai^at  membrane  we  find  in 
favorable  preparations  (thnse  in  which  this  basal  membrane 
is  somewhat  distended,  being  preferable)  that  the  sheath  of 
nerve-cell»  (tic.)  belonging  to  tb>!  longitudinal  trunk  is  directly 
continuous  with  a  layer  (n/.)>  ^*'^><^li  Ii^^b  again  is  provided 
with  nuclei  of  exactly  the  same  character  aa  those  of  th? 
nerve-celU  and  eiisheathes  the  body  exteriorly  to  the  muscjet. 
The  histological  character  of  this  laver  corre^tponds  to  what 
we  have  found  in  the  nervous  tunic  of  Schirnnemerienns. 
Here,  again,  n  fibrillar  Ftructure  and  thes<~anty  nbforptionof 
staining  rtiagetits  would  suggest  the  idea  of  nervous-tiwue, 
even  were  the  direct  passage  into  the  nerve.celis  of  the 
lateral  trunks  less  perfectly  demonstrable.  In  front  of 
the  brain  this  layer  ts  continued  lu  the  head,  being  more 
conspicuous  venirally  and  laterally  than  dorsally.  Here, 
moreover,  the  fibrillar  structure  is  far  more  apparent,  and 
the  enclosed  nerve-cells  are  less  numerous. 

In  Polia  and  Valencinia  the  same  layer  is  present,  only 

'  The  opininn  on  tint  nervQus  Qatorc  of  this  iajer,  first  emillH  in  my 
abore-oiicd  paper,  'Zur  AuAtoniic  und  Pliysiologie  drs  NvrvBnsT stems  Atf 
Nnvicrtinen,'  p.  17,  ks»  onlv  latplj  be«n  eonflrmed  for  •nolhir  genus  of 
ScLizonenierteans  by  Herr  Dcwolelzky  of  Vienna  f' Zoolonscliirr  Awwi- 
g«r,*  No.  69.  p.  399).  — 
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enclosed  between  two  muscuLai  layers,  m  it  wm  described 
for  the  Schizoncmerteans,  ant!,  moreover,  corresponding  with 
the  latter  in  the  fact  that  this  laypr  does  not  occur  also  in 
the  head  in  front  of  the  hrain,  as  it  partinlly  does  in  Cart- 
Mcih.  In  all  g;enera  higher  rlifferentiaieil  than  the  latter 
this  plexus-like  arrangement  in  the  head  (which  I  first 
mistook  for  a  considerable  number  of  [jarallel  nervca,  on 
account  of  the  appearance  in  transverse  seciicms)  appears 
to  have  developed  into  a  smaller  numher  of  (Hstiiict  nerve- 
stems,  dicbotoinously  divitling  and  innervating  the  lip  uf 
the  snout,  the  muscles  of  the  head,  and  the  eyea,  when 
pr«8ent. 

The  fact  of  the  presence  of  the  nerve-sheath  in  Cart'nella 
on  the  outside  of  the  muscular  body-wall  antl  under  the 
immediate  covering  of  the  ectoderm  is  of  the  more  impor- 
tance, as  we  have  indeed  to  look  upon  this  genus  as  one  of 
the  less  difft-rcniiatcd  of  all  Nemurteana'  which  must  serve 
as  a  starting-point  fur  comparisons  by  which  to  determine 
the  morphological  signiticance  of  any  structure  which  is 
common  to  this  and  other  genera. 

In  the  preparation  figured  (PI.  XXXTI,  fig.  4)  I  find  that 
processes  (njs. )  are  being  sent  out  from  this  layer  as  they  were 
described  for  the  Schizonemeriini.  Here  I  only  succeeded, 
however,  in  demonetrating  such  as  were  turned  towards 
the  muscular  layers;  in  other  sections  I  lind  thac  procenses 
towards  the  epidermic  cells  are  also  present  (fig,  5).  As 
the  nerTOu»  layer  is  generally  closely  applied  to  the  muscles, 
it  is  difficult  to  observe  the  centripetal  proceases,  and  only 
in  such  a  caae  as  the  one  figured,  where  by  some  rcnson  or 
other  this  layer  lies  somewhat  removed  from  the  subjacent 
muscteSj  can  these  important  ramiHcatioiis  be  noticed. 

The  diagraraniiitic  figures  I,  2  and  3,  will  now  he  more 
intelligible  after  thi*  rapid  exposition  of  the  facts.  Fig.  1 
applies  to  Carinella.  The  lateral  trunks  and  the  nervous 
layer  are  wholly  outside  the  muscular  body-wall,  processes 
from  this  layer  being  sent  outwards  and  inwards.  Fig.  3 
stands  for  Valencinia,  PoUa,  and  all  the  ScnizoNRMF.RTiM. 
The  trunks  and  the  layer  are  enclosed  wiMi'/i  the  muscles,  ihe 
peripheral  processes  are  sent  out  in  both  directions.  Fig.  3 
finally  represents  the  Hoflonemsbtisi,  a  stage  of  higher 
deTelopment,  in  which  the  continuous  cellular  laver  uniting 
the  longitudinal  trunks  and  ensheathing  the  whole  body  has 
become  localised  and  difierentiatcd  into  separate  nerve- 
branchea  springing  from  tliesi'^  trunks  at  rcgulnr  intervals. 

>  Cr.  A.  A.  W.  Uubrecht,    "The  Genera  of  ijluri}pean  Nemert^aps 
■     crilically  rerbai,"  '  Nol«  from  the  Lejdcn  MuKUta,*  mi3V.y,v- V^, 
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Tbat  •  tendency  to  ■  mpuincrie  wnBftauU  of  tb*  < 
wiM  indifferent  layer  U  neTenlideat  almdy  prevMii  ia 
ScBizoKBMKRTi!!!  u  ihown  in  fi^.  15,  which  illucsntei  i 
tbtn  wctioD  throD^h  the  Ipngitudunl  muscular  lay *n,  m- 
medUtely  above  the  nerroua  sheath.  Three  of  tb»  jii  ii|iliMj 
prooesaea  uking  iheii  coune  throagb  iDterstuieB  betmn 
Ui«  nuaclea  h*Te  heen  cut  in  thia  section ;  they  t» 
re^larly  arranged  along  a  ttanftrerse  row,  aod  nniMftni 
other  sections  show  that  indeed  an  ^iproach  to  reguUrm 
may  in  this  respect  be  noticed  all  orer  the  body.  If  tui 
regular  arrangement  gradually  comlnnea  with  a  thidDan^ 
of  ihu  nervous  layer  along  the  point*  from  whcmoe  theai 
processes  originate,  and  with  a  curresponding  redoctioa  ale^ 
the  intermediate  spaces,  the  formation  of  truurerae  ta£- 
vidual  nerves  (which  at  first  would  have  the  appeAxaaHe 
of  commiMures,*  and  in  a  later  stage  would  uke  the  aspect 
of  transverse  branches  springing  from  the  louintadaai 
trunks),  carrying  peiiietidicutar  smaller  twigs,  would  be  d» 
inevitable  result.  And  it  is  in  this  way  that  we  nunt 
form  our  conctptioos  of  the  intermediate  stages  lyiif 
between  CurineUa  and  tite  Hopixineukutim.  Aaaach  noit 
also  be  regarded  the  plexus-like  arrangement  between  tm 
successive  peripheral  branches,  as  observed  by  MacJnfMh 
and  iLotctl  above. 

A  certain  variability  in  the  aspect  of  the  nervous  ttinic  ia 
small  and  large  specimens,  which,  though  generally  a  con- 
tinuous  layer  (even  if  not  of  considerable  thickness),  oa 
other  occasions  has  the  appearance  of  a  plexus  with  vety 
narrow  meahes,  confirms  the  6up]>o8ition  that  local  varia- 
tions of  tlie  thickncEs  of  this  layer,  finally  leading  to  the 
formation  of  separate  nerve-steius,  may  occur.  Generalljr 
bundles  of  radial  6bres  {rf.),  which  in  other  places  are  more 
isolatfd,  tnUe  their  course  tbrough  these  meshes.* 

'  In  a  rec«nt  poncr  of  von  Kemul's  (*  Die  in  DcutscHland  gefuadcna 
Jjaud-pinmirieu,'  Wurxburi?,  1S79>  i>.  SdJ  lie  sp<»ks  (quite  apbDrUUoU^) 
of  truLsverM  oommiaturM  unitiue  tlio  laogitaaiDftl  trunks  of  Nemertetos 
acrou  tlie  biek  of  the  laimal.  It  mav  bo  tbat  wliat  lie  took  for  coaiaiii- 
tures  arc  portions  of  the  nerfotiit  sheatu  above  dcMnbRd;  atili  it  appein 
improbable  that  Lbis  cscellcot  observer  voald  laarc  DTerIoi>ked  the  Denrou 
liMoe  whiclt  unites  tlie  loDKitndinK!  trunks  vcnlrBlljr  aa  well.  SvflM 
■ecUoDs  (PI.  XXJtlll,  G^.  li!)  sUov  tliat  lliis  quefitionable  arraDgemcDt  t^ 
the  liMuff  in  IraoRvene  comtnisturea,  iiow  and  then  met  witli  in  lougitndioal 
Bcctinna,  U  merely  apparent. 

*  When  I  ahowcd  aome  of  my  prepuatious  to  Prof.  £.  llay  Laakeatar 
last  April,  hr.  drew  my  attealion  U,  tbc  apparent  ftgreemcul  betveea  tbli 
ncrvgtia  Ujer  auij  Strieker's  iicrve-lB^rr  of  the  cptblut  of  tlto  eaibrjo- 
fro^-  T  am  not  disponed  to  liclieve  tlial  wi;  deep  significanoe  can  Iw 
•ttaolicd  lo  tbia  mlLjer  diit^ir.  rrsemblanoe ;  but  the  paniUdJam,  audi 
as  it  is,  ia  iuteretliug. 
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Another  question  wliich  future  iiiveellgntions  ^vill  have  lu 
solve;  iitid  which  at  preseut  1  can  no  more  than  briefly  call 
ntteniion  to,  is  this — How  nrc  we  to  conceive  the  nervous 
shcatb  to  hare  gradually  become  cucloscd  betweeu  the 
muscular  layers?  More  especially  can  the  difference  be- 
tween Carinella  and  the  Schizonemcrteaus  be  explained  i 
If  1  venture  to  emit  an  hypotiicais  at  present  for 
vfhich  1  cannot  as  yet  furnish  sufficient  or  conclusive  evi- 
dence, and  which  presented  itself  to  me  in  studying  the 
beautiful  iuvestigutloos  of  0.  aud  It.  Herlwig,  on  tlic  struc- 
ture of  xheActinite  ('JenaiacheZeitschrift,'  1880),  it  is  because 
it  appears  at  the  same  time  to  explain  the  fundamental 
difference  in  the  muscular  system  of  different  groups  of 
Ncmertenns,  which  was  ftrst  clearly  pointed  out  by  Macln- 
io»h.  The  hypothesis  raiglit  be  briefly  formulated  thus:  the 
external  longitudinal  muscular  layer  in  Pulia,  Vaiencinia, 
and  all  the  ScHizoKEMER-mti  must  be  regarded  as  a  special 
development  of  the  ectodermal  musculature."  If  this  be  true 
(and  the  curious  arrangement  of  the  external  longitudinal 
muscles  iu  _Po^/<i  compared  with  Can'nclla,  on  the  one  hand, 
with  the  SoHizoNiiMEiiTiNi,  on  the  other,  appears  to  furnish 
Btrong  arguments  in  its  favour),  the  wandering  inwnrd  of  the 
nervous  system  can  be  more  clearly  understood,  those  muscles, 
which  from  the  first  were  situated  exteriorly  to  it  having 
gradually  attained  this  strong  development  and  fascicular 
arrangement.  The  luucr  longitudinal  aud  the  circidar 
mu!4culac  layer,  as  they  arc  present  in  CarineUa  and  the 
Hopi-ONEMERTJNi,  wouid  thus  represent  the  typical  mus. 
Gulur  system  of  Nemertine  oigauisalion,  whereas  the  ex- 
terior layer  of  longitudinal  muscles,  which  is  added  to  it  in 
the  ScnizoNEMEBXlNi,  I'alencinia,  and  Polia,  would  appear 
to  be  of  accessory  character. 

The  curious  distrihution  of  nervous  tissue  above  described 
is,  I  believe,  of  importance  towards  the  solution  of  two 
problems  touching  tito  physiology  of  these  worms. 

These  problems  are — Ist.  The  extraordinary  restorative 
power  of  a  great  number  of  Ncmerteans.  2nd.  Their  intense 
sensilivenees  to  outnard  stimuli,  which  may  even  occasion 
spontaneous  rnpture  of  the  animal  into  two  or  more  pieces. 

As  to  the  restorative  power,  it  lias  ofien  been  noiiced  (Da- 
lyeilf  Maclnttmht  Barroia)  :  and  detailed  observations  are  on 
record  of  severed  portions  of  the  trunk  having  regained  a  com- 
plete ct-ntrsl  nervous  system'^braiu,  respirAlory  lobes,  and 
eyee  included — when  only  n  cylindrical  fVagment,  open  at  both 
ends,  wa*  left.  The  tail  end  is  always  sooner  resiored,  but 
under  favorable  circumstances  the  reslotatiou  of  the  head 
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and  brains  does  not  seem  to  be  rare.  Although  I  never 
had  occasion  to  tludy  the  phenomenon  myself,  the  descrip- 
tions of  Barrois  and  Macintosh  do  not  leare  any  duubt  as  to 
the  way  in  which  it  progresses.  Three  months  after  the 
fragment  was  separated  from  the  parent  it  was  again  pro- 
videil  wilh  the  normal  brain-lobes  and  all  their  aeceRSories, 
which  had  developed  at  the  anterior  ends  of  the  nerve- 
trunks  after  the  cicatrising  process  at  both  ends  of  the  frag- 
ment had  been  concluded.  Another  fragment  was  severed 
from  the  parent  animal  in  September,  developed  perfect 
apcrmatozoa  and  normally  deposited  them  in  February  nexl. 

Looking  upon  the  lileral  trunks  as  local  thickenings  of  the 
more  indifferent  and  primitive  nervc-sheath  in  the  body-wall, 
these  curious  facts  appear  in  another  light.  For  if  we  have 
sncceeded  in  demonstrating  that  nervous  tissue,  which  per- 
sists in  n  more  primitive  stai;e>  the  celliilnr  elements  being 
scattered  indiscriminately  among  the  fibrillar,  is  diffused 
throughout  the  whole  circumference  of  the  body-wall,  then 
the  appearance  of  local  thickenings  in  this  tissue  finally 
leading  to  the  formntion  of  lateral  Iriniks,  and  eventually  of 
brain-lobes  sensu  strictiori,  is  te^s  startling  than  would  be 
the  reproduction  of  the  central  apparatus  out  of  lateral 
trunks,  which  hitherto  hare  been  regarded  as  essentially. 
peripheral. 

I  must  here  lay  stress  upon  the  fact  that  in  ihe  Tlnpi^- 
>BMEKiiJii,  where  this  primitive  ncrve-sheath  has  already 
been  replaced  by  separate  diverging  peripheral  branches, 
and,  which,  ihert^fore,  have  attained  a  far  more  specialised 
stage  respecting  the  structure  of  their  nerve-system,  no  case 
of  similar  reproduction  of  the  head  and  brains  has  ever  yet 
been  noticed,  as  far  as  I  know. 

All  snch  observations  were  made  upon  Schixonemertini, 
and  1  do  not  believe  it  will  prove  a  hazardous  prophecy  to 
predict  that  later  investigations  will  show  that  in  the  armed 
species  it  really  never  occurs.  At  the  same  lime  the  latter 
die  much  quicker  after  having  been  severely  injured  than  do 
the  Schizonetnorteitiis,  the  families  of  Amphiporitlee  and 
Tetrastt-mmiflfe  enjoying  a  still  more  restricted  tongevily  than 
do  the  family  of  ^emertida  9.  str. 

All  this  appears  to  me  to  be  to  a  great  extent  explained 
by  the  above  described  fundamental  differences  in  the  dis- 
tribution of  the  nervous  tievue  in  (he  body-wall. 

As  to  the  extreme  sensitiveness  to  outward  stimuli,  it  has 
been  noticed  by  all  former  observ<?rs,  and  Leurkari  HupVici]  the 
name  of  somatoiomiis  to  one  of  the  species,  because  it  rrgu- 
Urly  broke  itself  into  pieces  upon  being  handled  or  touched. 
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Thif  BeTi«itiv«iie»«,  with  which  the  ScatzoNBUBRTixt  are 
none  the  less  endowed  than  the  IIoFLo.vBUEBTt.Ni,  would 
appear  the  more  remarkable  iu  the  former  in  the  absence  of 
peripheral  branches  sprin(;ii)g  from  the  longitudinal  raarrow-  ' 
truiiks.  The  presence,  however,  of  a  sheath  of  nervous 
tissue  in  every  region  of  the  body>  either  immediately  under 
theepiderm  or  inside  the  muscles,  and  sending  out  processes 
RS  wtll  to  the  exterior  surface  as  to  the  internal  muscular 
layers,  is  quite  as  sufficient  an  explanation  for  this 
extreme  sensitiveness  as  wc  heforc  showed  it  to  be  for  the 
pprsistence  of  life  in  the  several  fragments,  which  even  de- 
veloped normal  spermatozoa  months  after  thoy  had  become 
separated. 

As  will  he  understood  from  the  contents  of  the  foregoing 
pages,  my  investigations  into  this  curious  distribution  of 
nervous  tissue  in  the  body-wall  of  the  Ncinertines  are  far 
from  being  either  coni)iltitc  or  exhaustive.  Not  having  as 
yet  hnd  occasion  to  examine  fresh  specimens  wilh  special 
regard  to  this  nervous  layer,  I  must  reserve  the  more  delicate 
histological  questions  for  a  future  publicatioD.  The  direct 
connection  between  the  fibriltar  plexus  and  the  exterior 
cellular  layer  of  the  body,  the  presence  of  any  distinct 
sensory  relU  in  this  ectodermic  layer,  as  well  as  the  connec- 
tion with  the  muscular  fibres,  on  the  other  hand— all  this  can 
only  be  studied  iu  careful  preparations,  teased  out  from  the 
tissues  when  quite  fresh,  according  to  the  delicate  methods 
which  hare,  for  example,  been  so  successfully  applied  by 
O.  and  R.  Hertwitj,  in  their  splendid  researches  upon  the 
nervous  system  of  the  Ctelenterata  ('  Das  Xervensystem  und 
die  Sinnesorgane  der  Medusen,'  and  further  '  Die  Actinien, 
auatomisch-histologisch  rait  besouderer  Beriicksichtigung 
des  Neuromuskelsys terns,'  1878-30). 

Having  as  yet  only  had  series  of  sections  mounted  in 
balsam  at  my  disposal,  I  could  not  expect  to  penetrate  into 
all  these  histological  details  merely  by  their  aid;  and  if, 
nevertheless,  I  venture  to  publish  these  preliminary  re. 
suits  it  is  because  they  appear  to  rati  to  possess  an  increased 
interest  now  that  the  researches  above  mcnlioned  of 
O.  and  R.  Hertwig  have  come  before  the  public.  The  very 
lowest  stai^e  of  dittereutiation  in  which  nervous  tissue  is  at 
present  known  in  the  animal  kingdom  was  found  by  the^c 
searchers'  in  the  Actinia,  where  it  appenrs  as  a  fibrillar 
plexua,   with  nerve-cells   indiscriminately    scattered    in    it 

'  Migfal  not  ihis  « orii  tiike  llie  place  of  Uici  bnrbsrons  "  tapamit "  m 
ofteu  met  witli  in  Bui^liali  scictitific  papers  of  the  [>roiiu]t  dsj  f  It  would 
corrcapond  to  the  tiermui  "  for^clKr." 
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throughout  a  n^at  part  of  the  ecto-  and  entodcrni.  In  llie 
oral  (ila(»'  (Muinli«ch»-iln>),  wheie  tho  nprve-cclls  nre  more 
iiutneruus  and  Htiuiitt^'il  cluster  to  i-nch  oiht-r,  tlii^T^'  i*  u  ten- 
dency tuwnrcla  n  ccruiii  decree  of  ceiitraliintiuii. 

It  cauiiol  he  denied  tbat  thi«  pninitiveHrrxnij^emeiit  ofl^ra 
strong  annlogies  to  the  nervous  ploxtis  above  dpscnbetl  for  the 
Ncmertincs,  which,  on  the  other  band,  approach,  in  the  his* 
tolopy  of  their  nervous  system,  in  many  re#pecl«  to  what 
A.  iffn(?  has  socarefully  described  for  other  Platti'klminthbs 
(*  Unlersiichungcn  zur  vcrgleichctiden  Anatomieund  ilistolo- 
giedes  Kervensygtenis  der  Plathelminthen.'  1.  Das  Nerven- 
systems  der  marincn  Dcndrococlen.  2.  Das  Nervensystcm 
tier  Trematoden ;  !Mittb.  bus  dor  Zool.  Station  zu  Neapel, 
1879-80).  And  so  I  thought  that  giving  my  results,  even  in 
their  incomplete  form,  might  be  suggestive  of  further  re. 
searches  into  these  questions;  the  more  so  because, in  n  former 
paper  (' Verhandclingcu  v.  d.  Kon.  Akad.  v.  Wetensch.  te 
Amsterdam,'  vol.  xs,  1880;  cf.  July  nnmbocof  this  Journal], 
I  insisted  upon  the  phylogenelic  iraportanc**  which  the 
nervous  system  of  the  Nemertenns  appears  to  powteig  when 
compared  to  that  of  the  Annulata,  on  the  one  handj  iind 
of  the  Verteiirata,  on  the  other. 

In  the  monograph  mi  ihis  gronp  of  worms,  which  I  hare 
now  in  preparation  for  Professor  Dohrn**  Bcrics  of  publica- 
tions, illustrating  the  Fauna  and  Flora  of  the  Bay  of 
Naples,  I  hope  to  bo  able  to  furnish  evidence  about 
those  points  in  which  the  present  paper  confesses  to  be 
deficient. 


tlTE  »TB  Op  FECTEN. 
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The  Etb  of  Pectrm.  By  Stdsry  J.  Hickson,  B.Sc.j 
Scholar  of  Downinjj  College,  Cambridge.  (Whh  Plates 
XXXIV  and  XXXV.) 

Thu  general  absence  of  organs  of  vision  amongst  tbc 
members  of  the  class  Lamellibranchiata  meets  with  a  curious 
and  interesting  exception  in  the  genera  Pecteu  and  Spou- 
dylus. 

These  genera  have  long  been  known  to  possess  a  great 
number  gf  tyos  of  considerable  compWxily,  eituateil  on  the 
bordpr  of  the  mantle.  The  number  of  these  eyes  varies 
considerably  in  different  individuals,  ranging  in  the  genus 
Pecten  from  eighty  to  one  hundred  and  twenty.  Their 
position  also  varies  ;  for,  although  they  are  always  situated 
on  the  border  of  the  mantle,  yet  sometimes  they  are  placed 
at  equal  distances  from  one  another,  and  sometimes  they  are 
clustered  together  in  certain  localities. 

Notwithstanding  this  indeBnile  element^  both  in  their 
number  and  positioUj  which  might  be  expected  to  run 
parallel  with  a  primitive  and  simple  organisation^  their 
anatomy  is  exceedingly  complicated,  and  exhibits  all  the 
most  important  structural  elements  of  the  eyes  of  the  higher 
Vertebrata. 

The  earliest  investigations  into  the  anatomy  of  Pecten** 
eye  ate  those  of  Krohn/  who  gives  a  drawing  of  the  course 
of  the  optic  nerve.  This  drawing  is  copied  in  many  of  the 
subsequent  papers  on  the  subject  by  other  investigators,  audj 
as  far  as  it  gocsj  is  correct.  Duvernoy,"  in  his  description 
of  the  nervous  system  of  the  Pectens,  gives  a  short  descrip- 
tion of  the  anatomy  of  the  eye.  This  paper,  however,  is 
chiefly  valuable  for  the  excellent  6gureB  and  descriptioui 
of  the  distribution  of  the  nerves  in  the  mantle,  and  the 
filaments  which  arc  given  off  from  the  main  trunks  of  these 
to  supply  the  tentacles  and  the  eyes. 

Tlie  researches  of  Blanch.trd*  and  of  Keferstein*  which 
followed  did  not  add  very  much  to  our  knowledge  on  this 
subject,  and  it  was  not  until  1865  that  any  carcfiil  histo- 
logical inquiries  were  carried  on.     It  was  Henseu*  who  first 
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gave  figures  of  the  characters  of  any  of  the  hUtological 
elements.  But  as  the  eye  of  Pecteii  fornia  only  a  very  smtU 
part  of  the  paper,  his  Hgurea  and  description  aie  by  nu 
means  complete,  and  in  many  res)-ects  they  are  incorrect. 
Finally,  J.  Chatin'  ha^  contributed  two  short  papen,  with* 
out  Kgures,  on  this  suhject. 

Of  the  Bcanty  literature  Heueen's  paper  is  by  far  Uu 
most  imporlHiitj  and  he  alone  gives  any  ^ood  figure*  of 
sections  of  the  eye,  or  of  its  elements  ;  the  other  ob*erren 
give  remarkably  few  figures,  and  consequently  I  have  bid, 
owing  10  an  )m])erfect  knowledge  of  the  German  language, 
some  dilTtculiy  in  making  myself  acquainted  with  the  sub- 
stance of  their  papers. 

I  have  been  encouraged  in  publishing  the  following  re- 
searches chiefly  by  this  scarcity  of  good  figures,  but  alto 
because  I  believe,  and  will  give  my  reasons  for  bclievlDgi 
that  these  eyes  deserve  mure  mention  than  is  usually  maa< 
of  Oiem  in  our  zoological  tex(-booki4. 

My  investigations  were  chiefly  ciirned  on  upoa  Pecten 
maJ^imva^  but  I  have  also  had  the  o[)|>ortunity  of  making 
sections  of  and  studying  the  eyes  of  two  other  fi]>ecies, 
Pectenjacobatu  and  Peclcn  cpercuiarit.  The  eyes  of  these 
three  species  differ  from  one  uuother  iu  one  or  two  not 
altogether  unimportant  particulars,  and,  as  I  »ha1l  after- 
wards point  out,  they  form  iiu  inlerestitig  gradati'm,  the 
points  of  difference  between  P.  maxima  and  P,  opet' 
cuiaris  |>assing  through  intermediate  stages  in  P.jacohttus. 

The  eyes  of  Pecten  maximui — arc  situated  amidst  a  uumbei 
of  iciJiRcles,  which  run  all  round  the  border  of  the  mantle. 
These  tentacles  are  capable  of  considerable  movement,  and 
frequently  overhang  the  eyes  nud  protect  them  from  the 
light-  The  eyes  themi^clvcs  arc  sitnaicd  upon  short  stalks, 
which  rebembie  very  clustly  the  basal  part  of  an  ordinary 
tenta'le. 

This  similarity  caused  Duvernoy  to  name  a  tentacle  a 
tactile  pedicel,  and  an  eye  an  ocular  pedicel,  thus  to  a  cer- 
tain extent  implying  thnt  they  ere  morphologically  homo- 
logous organs  res|>cctively  modified  fur  a  cactile  and  an 
ocular  function.  This  liomology  is  justified  by  certain 
points  iu  their  anatomy,  sucli  as  the  course  of  the  nerve  and 
the  arrangement  of  llie  muscular  fibres,  and  1  believe  tlial 
when  the  development  of  these  eyes  is  studied  the  homology 
will  bu  still  further  confirmed. 

The  border  of  the  mautlu  which  bears  the  tcntacloE  and 
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eyes  i«  covered  with  an  cpittielium,  consisting  of  columnar, 
noii'Ciliaied,  and  slightly  ri'OQtil&r  cells  beating  nuclei, 
Bitaated  near  the  base  of  the  cells.  As  this  epithelium 
passes  over  the  eye-bulbs,  it  un(lcrf;oc'e  two  inieresitug  tnodi- 
firations.  It  becomes  consiilerabljr  thicker  and  61leil  with  « 
dark  brown  pigment  (PI.  XXXIV,  fi^.  1  f^J  as  it  passes  round 
the  aiden  of  the  eyes,  but  imtncdiatf'ly  in  front  of  the 
eye  (I'l.  XXXIV,  fig.  1  a>,  it  again  dimininlivs  in  thickneiis, 
and  becomes  perfectly  traD&patciit.  By  thus  iturrnundin^ 
the  eye  on  all  sides  with  a  dark-coloured  pigment,  It-aving 
only  a  roiud  spot  in  front,  clear  and  transparent,  the  epi- 
thelium, by  limitiug  the  entrance  of  the  light  to  a  small 
diaphragm  in  front,  here  performB  the  funciion  of  an  iris. 
Tlie  epithelium  which  runs  over  this  transjiar^nt  part,  and 
which  forms  the  epithelial  layer  of  the  cornea,  differs  from 
the  ordinary  epithelium  covering  the  rest  of  the  mantle  in 
that  their  cells  are  rather  larger,  are  perfectly  transparent  in 
the  living  condition,  and  the  nuclei  are  large  and  spherical, 
and  situated  in  the  centre  of  the  cells. 

The  eye  consists  of  the  following  parts,  which  I  shall  now 
describe  in  order.  The  cornea,  covered  externally  by  its 
transparent  epithelium,  protects  a  large  elliptical  lens. 
Close  up  to  the  lens  is  the  retina,  but  separated  from  it  by 
ihe  optic  nerve,  vrhich  spreads  out  over  the  anterior  surface 
of  the  retina.  The  retina  rests  upon  a  tapetum,  and  behind 
this,  occupying  all  the  posterior  concavity  of  the  eye-cup, 

Ahere  is  a  red  pigment. 

■  The  cornea— consists  of  two  parts,  the  outer  epithelium^ 
which  has  already  been  described,  and  a  basument  mem- 
brane, consisting  of  a  thin  layer  of  coi:nective  tissue.  As 
before  stated,  this  epithelium  is  merely  a  modification  of  the 
general  epithelium  of  this  part  of  the  mantle;  and  the  pig- 
mented epithelium  surrounding  the  eye-bulbs  (in  like  manner, 
a  modifiralion  of  the  same  tissuej  ia  cotiiinuous  with  it 
all  round  its  edge.  The  passage  of  the  cells  of  the  ]iig' 
lucnled  epithelium  into  those  of  the  conioal  epithelium  li 
signalised  by  two  important  changes  in  the  clmracterB  of  the 
cells.  In  the  first  place  the  pigment  entirely  disappears, 
and  the  nuclei*  which  in  the  former  case  were  obscured  by 
the  pigment,  now  becomes  apparent,  and  in  the  second  place 
the  cells  arc  considerably  diminidhed  in  ttieir  longiludJuid 
axis.  The  diminution  in  size  of  the  cells  causes  the  c-dgc  of 
the  cornea  to  be  sunk  below  the  level  of  the  pigmented  epi- 
thelium ;  and  a  shallow  trough  runs  round  the  line  of  its 
juncture  with  it  (Fl.  XXXIV,  fig.  3).  The  convex' 

^cornea  is  not  great,  and  the  dome  of  it  frequent 
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readies  the  level  of  a  line  drawn  from  the  highest  point*  ti 
tVic  pigmented  epithelium  on  eitlier  side  of  it.  This  sppetr- 
ance  i«  not  often  Reen  in  actions,  at  the  pigmentM  em* 
thclium  rapidly  shrinks,  when  the  tiMa«  (lte«,  and  under 
most  reagents  ;  Imt  I  am  fully  persuaded  of  the  accurary  of 
this  statement  from  an  examination  of  the  eyes  of  Hvinj 
specimens  of  I'ecten  maximum  and  sections  of  Pecten  oper- 
ctUarit. 

The  delicate  epithelial  celts  of  the  cornea,  in  eonseqnencc 
of  being  entirely  unprotected  by  any  membrane  similar  to 
the  conjunctiva  of  the  higher  animals,  arc  qnito  nake<l,  and 
Tery  liable  to  injury  from  the  rough  edges  of  the  tentactn 
which  surround  them.  The  arrangement  just  described, 
however,  probably  prevents  the  tentacles  from  coming  into 
immediate  contact  with  them.  The  little  trough  which  nms 
round  the  margin  of  the  cornea  nlTcays  contains  n  little 
liquid,  even  when  the  eye  itself  is  removed  from  the  water; 
and  the  pressure  of  the  tentacles  when  folding  over  the  eys 
causes  ii  to  spread  out  as  a  thin  layer  over  the  cornea,  and 
thu3  the  colls  arc  prevented  from  coming  into  immediate 
contact  with  the  tentacle. 

Thus,  the  two  remarkable  modifications,  namely,  the  pre- 
sence of  a  large  quantity  of  pigment,  and  a  greater  longi- 
tudinal axis  of  the  cells  which  the  pigmented  epithelium 
exhibits,  are  of  considerable  value  to  the  eye,  firstly,  to  pre- 
vent very  divergent  rays  from  entering,  and  secondly,  to  pre- 
vent any  damage  to  the  cornea  caused  by  the  rubbing  of  the 
adjacent  tentacles  over  the  sides  of  the  eye. 

The  second  layer  of  the  cornea  is  about  half  as  thick  is 
(be  epithelial  layer,  and,  like  it,  is  perfectly  colourless  and 
transparent.  It  consists  tnfrely  of  a  thin  coniinuation  of 
the  connective  tissue  of  the  stalk.  It  mny  be  called  the 
basement  membrane  of  the  corneal  epithelium,  as  from  the 
absence  of  any  definite  cellular  elements  its  only  functioo 
probably  is  to  support  these  cells. 

Beyond  the  cornea  this  membrane  becomes  much  thicker, 
and  supports  the  pigmented  epithelium,  and  at  the  aame 
time  structural  elements  make  their  appearance  in  it.  From 
thence  it  passes  into  the  connective  (issue  of  the  eye-stalk 
without  further  modiBcations. 

The  lens — is  one  of  the  most  interesting  parta  of  the  eye. 
It  is  comparatively  large,  and  is  composed  of  a  number  of 
nuclcatea  cells.  In  the  fact  that  the  lena  is  formed  by 
more  than  one  cell  liic  eye  of  Pecten  bears  an  interesting 
resemblance  to  that  of  the  Vertebrata.  The  shape  of  the  lens 
has  been  a  subject  of  much  dispute  amongst  the  authors 
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wbo  have  written  on  thU  •ubjeci.  Krohn  und  Kefenteia 
believed  it  to  be  Fpherical.  Henseu  hu  figured  it  filling  up 
the  space  betireen  the  cornea  anfl  retioBj  and  coDfequeally 
of  an  irregular  bi-convex  shape. 

It  is  difficult  to  see  how  a  coniroveisy  on  iuch  a  liniple 
suhieet  could  have  arisen,  unless  it  is  because  differeat 
autbinra  have  examined  different  species,  aud  described  tbent 
for  the  genus. 

As  regards  PecUn  inactnMM»ftn  examination  of  the  fresh  eye 
haa  convinced  me  that  in  this  speciefl  the  )«ua  it  elliptical,  the 
major  azia  being  parallel  to  the  plane  of  the  mautle.  A  section 
of  the  eye  made  in  a  plane  at  right  anglei  to  the  plane  of  the 
mantle  and  the  direction  of  its  uii(rg;in — that  i^,  the  plane 
which  ii  tnoet  convenient  for  sectioD-cutting,  aud  the  one 
which  is  apparently  usually  adopted — would  oontequeatly 
cause  the  leni  to  appear  circular  in  section.  In  the  dia-  ^ 
grammatic  representation  of  the  eye  (fig.  1)  I  liave  for  con-  B 
venience  sake  representcl  the  lens  as  being  at  right  angles 
to  the  plane  of  the  mautle  in  order  that  the  true  shape  of 
the  lens  may  not  be  overlooked.  H 

A  fresh  examination  of  tlie  leas,  when  teased  out  from  the  ' 
net  of  the  e^e,  exhibits  one  or  two  intsresiing  points.  The 
lens  is  not«  as  in  most  eyes,  perfectly  colourless,  but  posaeasea 
a  woU-marked  brown  colouration,  and  a  numherof  fine  stria 
maybe  seen  running  in  the  direction  of  the msjor  axis. 
The  lens  does  not  appear  ao  perfectly  ellipticaj  in  liie  fresh 
condition  as  in  certiuii  sections  I  Imve  made;  it  is  drawn 
oat  somewhat  longitudinally,  ao  as  to  be  more  like  a  double 
cone  than  an  ellipse.  This  is  probably  dne  to  the  leas  being 
released  from  the  ligaments  and  connective-tissue  pressures, 
which  rause  it  to  retain  its  proper  shape. 

Hensc-n  aays  that  the  leiii  is  very  soft,  and  the  cells  arc 
litfht,  polygonal,  and  nucleated.  A  careful  examination 
01  the  lens  of  P.  mon'mus  hat  led  me  to  a  very  different  con- 
clusion. The  lens  seemed  to  be  of  exactly  the  same  nature 
as  in  the  higher  forms,  and  when  teasing  it  out  I  found  some 
difficulty  in  hohlinir  it  with  n  needle,  a»  it  slipped  away  from 
under  it  when  a  slljirht  pressure  was  exerted.  As  regards 
the  shape  of  the  cells  composinf?  the  tons,  they  are  not  all 
polygonal,  OS  would  be  inferred  from  Honarn'e  remnrks  on 
the  subject.  In  the  centre  they  are  polygonal,  but  as  they 
approach  the  periphery  they  become  more  .tnd  more  flat- 
tened and  cloogatetl,  until  at  the  periphery  thv«  aro  >trnp. 
shaped.     They  are  nuoleaterl.     As  HeoscUf  I  I  no 

niembrsiie  covering  the  lens,  and  no  musf  -tt]. 

nertcd  with  it;  but  in  a  fea^^B^  hare 
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ment,   ouch   as    I    have    represented    tltagrammatically   in 
fig.  1/,  which,  I  believe,  forms  a  support  for  the  letm.    Th» 
ligament  is  usually  broken  by  the  action  of  reagents,       * 
then  hnngs  down  by  the  sideof  the  cavity,  and  thus  bi 
difficult  to  observe ;  at  the  same  lime  the  lens  sinks 
and  mt«  upon  the  antt^cior  surface  of  the  retina. 

The  lens  is  suspended  in  the  stMtce  which  correaponds 
with  the  vitreous  humour  in  the  higher  animals.  This  space 
is  filled  with  an  aqueous  humour  in  Pecleu.  The  lens  is 
larger,  and,  consequently,  the  space  occupied  by  aqueous 
humour  relatively  smaller  in  P.  maximus  than  it  is  in  either 
P.Jacobaeuit  or  P.  opercular^,  and  iu  P.jacolngui  it  is  larger 
than  in  P.  opercularis. 

The  retUia — does  not  line  the  concavity  of  the  eye-cup,  as 
it  does  iu  most  well-developed  eyes,  but  is  nearly  flat,  and 
a  considerable  space  is  left  between  it  and  the  floor  of  the 
cup,  which  is  filled  up  by  the  red  pigment.  In  conse- 
quence of  this  the  retina  appears  in  section  to  be  a  thick 
band  crossing  tho  eye  from  side  to  side.  Thus,  just  as  the 
lens  ivas  remarkable  for  the  way  in  which  it  approached  the 
retina  by  hanging  back  inlo  the  cavity,  so  the  retina  is  re- 
markable for  the  manner  in  which  it  leaves  the  poaterior 
concavity  of  the  eye-cup  to  approach  the  centre.  The  eye 
of  Pecten,  in  fact,  presents  the  iuteieating  peculiarity  of  the 
approach  of  the  lens  and  the  retina  towards  the  centre,  so 
that  in  P.  maximiu  they  almost  touch. 

The  anterior  surface  of  the  retiua  is  convex  at  the  sides 
and  concave  in  the  middle,  but  these  convexities  and  con- 
cavities vary  in  different  species.  The  different  layers  of  the 
retina  will  be  described  from  behind  forwards,  as  it  will  be 
easier  to  trace  the  transitions  in  that  way  than  if  describeil 
from  before  backwards.  They  are — 1°.  Poaterior  limbs  of 
the  cods.  2^.  Anterior  limbs  of  the  rods.  3".  Spindle- 
shaped  nucleated  rods.  i^.  Molecular  and  naclear  layer. 
5°.  Nerves. 

The  posterior  limbs  of  the  rods  stand  upon  a  membrane, 
which  runs  along  the  posterior  side  of  the  retina;  at  their 
anterior  ends  they  pierce  a  very  delicate  membrane,  and  pass 
into  the  anterior  limbs  of  the  rods.  The  anterior  limbs  are 
about  twice  as  long  as  the  posterior  limbs,  and  are  usually 
smaller  in  diameter,  and  situated  farther  apart  than  the  pos- 
terior limbs.  That  they  are  circular  iu  section  may  be  seen 
from  PI.  XXXV,  fig.  7a,  which  is  a  drawing  of  a  section 
made  at  right  angles  to  the  eye-stalk.  The  anterior  limbi 
of  the  rod&  are  sometimes   swollen  so   as  to  appear  oval; 


this  condition  occurs  especiallT  in  the  rods  at  the  li^  con- 
vexities. Fig.  6  represenu  &n  isoltted  rod  in  tliu  ooo- 
ditioD. 

The  Anterior  ends  of  the  rod<t  contract  coniiderably,  mmd 
again  expand  into  &pindle*abaped  liodies,  each  of  which  con- 
tains a  naclpus ;  so  that  in  P.Jacolnmt,  where  the  rettnal 
elements  of  this  resion  are  difficult  to  dijtingniib,  there 
may  be  seen  a  single  row  of  nuclei  running  brim  end  to  end 
of  the  retina,  and  following  its  sinuosities  rPlate  XXXV, 
fig.  114). 

In  Bome  of  the  rods  at  the  side  of  the  retina  a  seBH^ 
ftpindle-shaped  bod^  follows  the  6r6t  one,  as  rcprtaenied  in 
the  isolated  rods  in  figs.  5,  6,  but  usually  the  anterior  end 
of  the  spindle  is  drawn  out  into  a  delicate  thread,  whicli 
occasioQally  possesses  nuclear  swellings.  Finally,  this  thrcid 
breaks  up  into  a  network,  which  besrv  a  numb^  of  bmcImi^ 
like  bodies  at  its  nodes,  and  sereral  round  nurleculu  beJw 
appear  to  be  caught  in  its  meshes.  These  bodies  are  so 
much  like  the  ordinary  nuclei  of  (be  network  that  1  tm  is- 
clioed  to  beUeve  that  they  are,  in  reality,  iDerelv  owdMcs- 
tions  of  thorn,  and  in  some  way  connected  with  the  networli 
(fig.  6  a).  Anteriorly  the  fibres  of  the  network  bend  at  right 
angle*  and  enter  the  nerve  layer,  which  covert  tho  uiuner 
surface  of  the  retina.  This  nervous  layer  will  be  dwcrflxd 
with  (he  description  of  the  optic  nerves. 

The  above  is  a  description  of  the  rrttina  as  I  found  it  fat 
P.  maximuM,  and  I  believe  it  holds  good  for  the  other  mem- 
bers of  (be  senus.  The  elements  of  the  retina  are  so  much 
larger  in  this  species,  and  the  Bpace^  l>etween  thn  rods  and 
network^  &c.,  so  much  more  considerable,  that  it  i«  a  gfMt 
deal  easier  (oinve»tiga(e;  but  I  believe  careful  examination 
of  the  other  species  would  show  (hat  they  do  nut  differ  from 
this  in  any  important  detail. 

The  tapetum — is  placed  immediately  behind  the  retina,  and 
may  help  in  its  support.  When  fresh,'  the  tapetum  exhibit* 
a  display  of  colours,  and  it  is  this  membrane  which  gites 
the  eyes  their  beautiful  metallic  lustre.  When  eianined 
with  a  4'h-inch  obj.  it  aecms  to  be  composed  of  a  great 
number  of  little  black  specks  separated  by  a  fine  yellow 
membrane,  but  careful  examination  with  a  highirr  power 
shows  that  it  is  composed  of  a  great  number  of  fine  fibrils 
croMing  at  right  angles. 

The  space  between  the  tapetum  and  the  posterior  pari  of 

■  I  hare  oae  series  of  Mctioiu  itaised  in  osmi*  Mnl«d  In 

Canada  baisan,  wUeb  bas  retaioed  this  displs;  of* 
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the  eye*cavity  is  filled  with  a  red  Auiil  jiiywunt.  In  the  frctb 
condition  thr  pij^ient  readily  ilowi  on  to  the  %\\Ae  when  the 
eye  is  pricked,  but  in  sections  of  the  eye  which  ho*  been 
hardened  by  alcoliol  or  otiier  reiifcenta  the  pigment  adheres 
to  the  tapetuin  or  posterior  wall  nf  the  eye>cup. 

Hensen  tigurt-s  a  layer  of  celts  in  this  position,  but  I  have 
never  been  able  lodbstTve  any(hinf*of  ihekind;  Ihopignieiil 
contains  no  opllvilnr  elements  at  all,  nor  is  there  a  layer  of 
cella  liniug  the  cavity  wliich  contains  the  pigment.  The 
pigment  consists  of  a  number  of  bright  red  granules  iloating 
freely  in  a  colourless  fluid. 

The  nertotis  fapjily—^f  the  eye  of  Peoten  is  perhape  the 
moat  interesting  of  the  many  peculiarities  of  this  eye.  The 
nerrouB  system  of  Pecten  is  well  described  by  Duvemoy  ta 
the  papor  referred  to  above.  The  mantle  is  supplied  by  a 
number  of  branches  piven  oflT  from  the  principal  ganglia. 
TIie«e  brnncbes  alt  fall  into  a  large  nerve,  which  runs  round 
the  margin  of  the  mantle,  and  which  Duvemoy  calls  thr 
"  circumpatiaV  nerve.  This  nerve  is  figured  in  aeotion  in 
6g.l,Pl.  XXXIV,  one  of  the  nerves  joining  this  nerve  being 
figured  at  fig.  1,  7.  This  "circumpalial"  nerve  gives  off 
filaments  to  supply  the  tentacles  and  eyes. 

Krohn  first  gave  a  drawing  of  the  optic  nerve,  and  describetl 
it  atf  a  single  nerve  passing  off  from  thi«  trunk,  nnd  dividing 
into  two  branches  as  it  aproaches  the  eye.  Later  observers 
have,  however,  drawii  and  described  two  nerves  passing  off 
from  the  "circumpalial"  nerve.  My  researches  have  led 
me  to  believe  that  Krolin  is  right,  and  that  such  a  figure  as 
Hensen  gives  in  his  paper,  representing  two  main  trunkt 
passing  up  to  supply  the  eye  is  erroneous.  Plate  XXXV, 
fig.  9,  of  P.  maximus,  shows  the  division  of  the  single  nerve 
into  its  two  branches.  In  fig.  1  the  course  of  the  optic  nerve, 
before  its  division  into  two  branches,  was  carefully  drawn 
from  one  of  a  complete  series  of  sections,  and  in  none  of  the 
other  st'ctions  could  I  find  a  truce  of  any  other  nerve  pro- 
ceeding from  the  "circumpalial."  The  branching  of  the 
nerve  takes  place  in  a  plane  at  right  angles  to  the  plane  of  the 
mantle.  When  the  optic  nerve  approaches  the  eye  it  divides 
into  two  branches,  which  may  be  called  the  "  retinal  nerre'' 
and  the  "  complementary  nerve."  The  former  passes  up  the 
side  of  the  eye  cavity,  and  spreads  over  the  anterior  surface 
of  the  retina  j  the  latter  soon  loses  its  sheath,  and  divides 
up  into  a  number  of  brancbcB,  which  supply  the  tissues  sur- 
rounding the  eye.  The  course  which  the  retinal  branch 
takes  may  be  Men  in  PI.  XXXIV,  fig.  1,  and  iu  PI.  XXXV, 
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figt.  B  Slid  9.  Ill  Rgs.  8  Rod  0,  the  first  section  it  cut  iltrougli 
the  optic  nerv«^  and  shows  the  manner  in  nrhicb  tbo  retinal 
brunch  runs  up  the  side  of  tlie  eye-cavity  ;  the  secoud  feeclioei 
shows  th«  mauiier  in  which  the  branch  bonds  ov«r  on  to  the 
retina  and  spreads  out.  The  distribution  of  Llia  coniple- 
mentary  branch  is  diagrammatical  I  y  represented  in  fig.  In; 
it  Kerae  to  divide  into  a  number  of  branches  which  enve- 
lope the  eye^upj  and  probably  send  Hlaiiients  to  the  cornea, 
leu*,  tapotum,  and  epithelium. 

Comparieou  of  the  eyes  of  the  three  species,  P.  maximue, 
P.  jacohaus,  and  P.  opercularis. — The  eye  of  P.  maximua 
is  undoubtedly  the  most  highly  developed,  the  eye  of  P. 
optrcularU  i»  the  simplest,  whilst  P.  Jaeolueu*,  although 
more  like  jP.  opercularii  than  P.  maxitnus,  shows  many 
points  in  which  it  is  intermediate  between  the  two. 

The  lens  in  P.  optrcularit  is  separated  from  the  retina  by 
a  coni^iderBble  space  (PI.  XXXV,  fi(;.  10),  and  consequeutly 
the  chamber  containing  the  humour  is  relatively  large.  In 
P.jaccbmu  the  lens  is  larger  than  in  P.  opercularis,  and 
the  chamber  consequently  smaller;  and  in  P,  maximua  the 
lens  i»  very  large,  and  nearly  touches  the  retina,  the  chnm- 
her  of  the  eye  being  bometimes  very  small.  A  gradation  is 
thus  observed  in  the  character  of  this  part  of  the  eye  in  iho 
three  species,  lu  P.  maximua  but  a  small  space  is  filled 
with  humour,  in  P.  jacob^tus  a  much  larger  space  ia  filled 
with  it,  and  in  P.  opercularis  there  is  a  lai^r  space  still. 

.\gaiii,  when  the  retinas  of  the  three  species  are  compared, 
a  similar  gradation  is  found.  The  retina  of  P.  opcrculiu'ia  is 
comparatively  thin,  and  the  concavity  and  convexities  of  its 
anterior  surface  slight.  In  P,  jaeob<9u4  the  roiiua  is  de- 
cidedly thicker,  and  the  anterior  surface  is  more  convex  at 
it9  sides  than  in  P.opereithri* ;  moreover, it  maybe  noticed 
thai  the  delicate  membrane  which  separates  the  anterior 
from  the  ^os^terior  limbs  of  the  rods  has  become  bent  up  in 
the  regions  corresponding  with  the  anterior  convexities  of 
the  retina.  In  /'.  maximum  aH  these  variations  become 
much  exaggerated.  The  retina  is  much  thicker  than  in 
eitlier  of  the  other  species  ;  and  the  side  convexities  of  ita 
anterior  surface  are  tnuch  bolder  (PI.  XXXV,  fig.  ll,a,d,c). 
The  nnierior  concavity  dots  not  undergo  much  variation. 

The  shape  of  tho  membrane  separating  the  anterior  and 
posterior  Umbsof  the  rods  \%  gteally  altered.  In  P.  opercuiorts 
this  membraur  is  observed^  in  section,  to  stretch  from  side 
to  side  without  any  well-ninrked  curves ;  in  P.  /aco&aua  two 
well-marked  curves,  corresi>onding  with  the  anterior  con- 
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vexiliet  of  the  retina,  are  observed ;  but  in  P.  maxtmu*  tbeae 
curves  are  converted  into  two  dUtinct  folds,  which  run  up 
into  the  substance  of  the  retinn.  The  membrane  between 
the  fold»  does  not  sink  agiiiu  as  low  as  it  is  at  the  com- 
ntenremeiit  of  the  folds,  and  consequently  the  central 
part  of  the  retina  is  raised  in  the  form  of  n  (able  above 
the  level  of  its  sides.  This  elevation  of  the  central  part 
of  the  retina  may  be  also  seen  in  P.  jacobtnu,  ihouj^fk  it 
is  not  ne«riy  so  well  inarlced.  The  folds  which  occur  in 
P.  maximus  cause  th  rutis  to  iippear  to  be  given  off  in  a 
innnifnrin  manner  at  \\w  s'uWs  of  ibe  retina,  and  beforf 
I  found  ihe  inti-cnicdiale  condition  in  P.  jacob^tUA  I  had 
some  difficulty  iu  determining  tlie  true  relationship  between 
thi-  retinas  of  P.  maximus  and  P.  opereularit.  (Compare 
fl,  6,  c,  fig.  11). 

Ill  addition  to  those  ju«t  ineutiont'd  there  are  other  niiaor 
points  in  wliich  the  eyes  of  these  species  difft-r  from  one 
another,  such  »s  in  the  shajie  of  the  cells  composing  the 
lens  and  in  the  distribiitiou  of  the  retinal  nerve,  &c,  btit 
ihey  are  cotnpuratively  slight. 

Oeneral  cosuidfrattons. — Having  thtis  described,  in  tome 
detnii  the  anatomy  of  the  various  parts  which  compose 
the  e}'es  of  Fectea,  I  shall,  before  leaving  the  subject,  point 
out  some  of  their  iiiLi;refcting  morjiholugical  peculiarities. 
It  Ih,  ill  iiEielf,  a  remarkable  thing  to  find  a  lai^  and 
variable  number  of  eyes  situated  ou  an  area  at  some  coB' 
biderable  diiitance  from  any  central  nerve-gangUon ;  aad, 
when  it  is  remembered  thai  the  class  and  even  family  (with 
one  other  exception,  «.  j;.  Spondylus)  to  which  the  genni 
belongs,  poss>(^ss  no  orf^ans  of  vision  at  all  in  the  adult  eoa- 
dition,  it  is  altogetlier  surprising  that  they  should  be  of  sucti 
extraordinary  complexity  as  they  have  proved  to  be.  The 
high  structural  development  that  this  eye  h  s  attained  is, 
however,  not  so  remarkable  as  the  fact  that  in  many  ways 
it  differs  from  Ihe  ovdinary  Invertebrate  eye,  and  resembles 
that  of  the  Vertebrata. 

In  the  first  place,  the  lens  is  built  up  of  a  large  number  of 
distinct  nucleated  cells,  which  undergo  a  flnt'ening  at  its 
circumference  very  similar  to  that  found  in  the  eye  of  the 
YerCebrata.  Whether  the  leos  is  developed  from  the  cells 
i.f  the  cpiblast,  as  in  the  Vertebrata,  or  from  the  roesobUst, 
must  at  present  be  left  unsettled,  but  it  will  probably  be 
found,  when  the  development  of  the  eye  ia  studied,  that  in 
this  respect  also  it  resembles  the  eyes  of  the  VcriobratH. 
The  tapetum,  4   structure  which    i»  of  considerable  itn- 


i 


TSe  lYB  or  PECTEN. 

poTtance  to  antmaU  which  are  nocturnal  or  aquatic  in  habit, 
has  hiiherto  been  deecribeil  only  in  the  Vertebrata.  That 
JPectcn  powessee  a  lapetuni  «»  highly  developed  as  any 
found  amongst  the  Vertebrata  is  anHtomicalIy  a  point  of 
coiisidtfialile  inierest;  but  it  also  imlicntes  to  ft  certain 
extent  the  physiological  capability  of  the  eye. 

The  chief  iiiteresi,  however,  lies  in  the  relative  positions  of 
the  optic  nerve,  the  retina,  and  the  pigment.  In  (he  eyes  of 
the  OphaloiKidji  the  pigineut  layer  is  situated  in  front  of  the 
rode,  and  the  nerve-tibres  enter  tho  rods  from  behind.  In 
the  eyes  of  the  Gaftteropo<1a,  the  Crustacea,  &c.,  down  to  the 
simplest  form  of  eye,  such  n$  that  of  the  Rotifera,  the  same 
relationship  of  these  parts  holds  good.  In  the  Vertebrata, 
however,  their  relative  positious  arc  reversed  ;  the  optic  nerve 
pierces  the  retina,  and  distributes  itself  over  the  front  of  the 
retina,  whilst  the  pigmeut,i»  situated  behind  it.  In  Pccten 
the  relationship  of  ihef^e  parts  is  the  same  as  that  in  the 
Vertebrata  J  the  nerve  passing  up  the  side  of  the  eye-cup 
bends  over,  and  spreads  itself  over  the  anterior  surface  of  the 
retina.  The  pigment  also  U  situated  behind  the  retina. 
Fccten  ia  not,  however,  the  only  Invertebrate  whose  eyes 
are  built  up  on  this  type.  Semper'  has  recently  pointed  out 
that  on  the  backji  of  certain  slugs  (Onchidiuni)  a  number  of 
eyes  are  fuund^und  that  in  these  the  iiltvcs  jiass  to  the  front 
of  the  retina  before  being  distributed.  On  account  of  this 
distribution  of  the  optic  nerve  he  says  that  they  belong  to 
the  Vertebrate  type  of  eye  (typua  der  Wirbelthieraugen),  so 
that  two  animalii  are  now  known,  each  belonging  to  a  large 
and  important  cUss  of  Invertebrata  (Gasteropoda  and  Lamel- 
librannhiata  respeciively)  that  posBens  eyes  which  are  bnilt 
up  on  this  type.  The  eyes  of  PectcMi  are  even  more  deserving 
of  the  name  of  WirbeUhieraugcn  than  those  of  Onchidium, 
for  they  are  much  more  highly  developed,  and  possess,  in 
addition  to  this  relationship  of  the  nerve  and  retina,  other 
Vetebrate  peculiarities.  The  lens  is  multicellular,  a  character 
which,  although  not  unknown  amongst  the  Invertebrates,  is 
much  more  chnrnctcriatic  of  the  Vertebrata.  The  tapelum, 
too,  a  structure  which  doubtfully  exists  iu  any  other  Inverte* 
brata  is  found  iti  Pecten  and  some  Vertebrates,  liut,  although 
the  application  of  this  word  Wirbelthieraugen  to  these  eyes 
is  convenient  for  the  adult  condition,  it  must  be  carefnily 
remembered  that  the  development  of  these  eyes  is  essentially 

'  Semper,  '  Uber  aetioreune  vom  Tjpns  d«r  WirbelthienugsD  auf  dem 
Rwjkcn  d«r  Schnecken.'    WicsbaJen,  1877- 
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different  from  that  of  tbe  Vertebrate  eye.  The  Vertc^brate 
eye  is  formM  in  ihe  ombryo  from  a  hollow  nroens  given  off 
from  the  bruin,  nnil  the  future  eye-c«j>  is  formed  by  an  in- 
TUjfinatiou  of  this  process.  It  it  impossible  for  the  ejp%  tilt 
Pccten  or  Onifhitliuin  to  be  formed  by  any  process  almilar 
to  thifl.  Thus,  in  th»  youitfr  etate  these  eye*  are  essentially 
different  from  those  of  the  Vcrtebraia,  and  the  resemblance 
in  the  adult  ia  merely  accidental,  and  by  no  means  due  to 
morphological  identity. 

Little  ifl  known  and  little  can  be  said  concerning  the 
function  of  the  eyes  of  Vectcii.  The  presence  of  auch  t 
well-formed  lapetum  make*  it  probable  that  ibey  ve 
capable  of  appreciatinj^  very  diffuied  light,  aud  the  dose 
approximation  of  the  lens  to  retina  makes  it  exceedingly 
improbable  that  any  image  is  formed  upon  the  latter. 

A  few  experimenis  have  been  made  on  the  extent  of  their 
visual  power,  which  make  it  very  doubtful  whether  they  are 
of  much  value  to  the  animal  in  avoiding  its  enemies.  The 
moat  reasonable  theory  of  their  function  seems  to  be  that, 
when  on  the  ebbing  of  the  tide,  a  probability  arises  that 
they  will  be  left  high  and  dry  on  the  shore,  they  can  appre- 
ciate the  fact  by  the  growiug  intensity  of  the  light,  and, 
by  that  peculiar  flupping  motion  of  tlietr  valvee  the 
Pectens  are  so  remnrltable  for,  move  away  into  deeper 
water.  ' 

These  researches  were  entirely  carried  on  in  the  raorpho* 
logical  laboratory  of  the  University  of  Cambrid|;e,  and  my 
best  thanks  are  due  to  Mr.  Balfour  for  his  valuable  advice 
and  encouragement  during  the  whole  course  of  my  researches. 
Owing  to  his  kindness,  also,  I  have  been  enabled  to  ex- 
amine some  of  Sempor's  preparations  of  the  eye  of 
Onchidium,  to  which  reference  has  been  made  in  the  text. 

Methods. — For  a  general  examination  of  the  eye  the  best 
method  is  to  harden  In  alcohol  and  stain  by  immervion  in 
hocmatosylin  for  twenty-four  hours.  Of  the  osmic-acid  acid 
preparations  the  beat  were  obtained  by  immorsion  in 
a  1  per  cent,  solution  for  fifteen  minutes,  followed  by  abe^ 
lute  alcohol  for  three  or  four  days.  This  method  is  of  great 
value  for  studying  the  retina  and  lens.  I  have  also  used 
gold  chloride  for  staining  the  nerves  with  some  succen. 
For  examiniug  the  tapetum  the  best  preparations  I  have  were 
made  from  some  eyes  given  me  by  Mr.  Haddon>  which  had 
been  treated  with  picric  acid.  This  reagent  seems  to  hare 
dissolved  away  the  red  pigment,  and  consequently  lefi  the 
tapetum  free  from  the  numerous  little  red  granules  which 
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genera^  ding  to  it.  For  examining  the  itolated  rods  of  the 
retina  I  have  allowed  the  eyes  to  remain  in  a  solution  of 
ehlord  hydiiM  fax  feuz  or  &n  days.  I  have  then  disiectad 
ont  the  ralBtt  wiA  needln  ai  carefully  m  poMible,  and 
poured  a  drop  or  two  of  hesmatoxylin  on  to  tbeilide.  When 
the  rotipa  bad  been  atanding  in  beematoxylin  in  this  manner 
for  aamt  baan  it  was  washed  with  water,  teased  out  with 
fine  needSea,  and  mounted  in  glycerine. 
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On  the  Tbrminationk  of  Nertbs  in  the  Epideruu.  By 
L.  Ranvier,  Professor  at  the  College  de  France.  With 
Plate  XXXVI. 

It  ia  well  known  that  bj  the  emplojmcnt  of  chloride  of 
gold  it  IB  possible  to  show  the  ultimate  iicrve-enditigs  io 
tissues.  But  this  reaction  is  not  always  followed  with  sue* 
cesB  if  the  oriffinal  process  of  Cohnheim  is  pursued  ;  and  in 
attempting,  during  the  last  few  years,  to  render  it  mon 
regular  by  combining  the  action  of  the  gold  with  formic  acid, 
Pritchard  and  Loewit  have  effected  a  very  notable  progr^s. 
At  the  same  time  the  proce&s  of  Loewit,  Alihouf^h  it  gives  far 
more  eonstnnc  results  than  any  previous  process,  is  not 
without  its  disadvantages.  The  solution  of  a  third  pari  of 
formic  acid>  in  which  the  tissue  is  placed  before  being  sub* 
mittedio  the  action  of  the  gold,  altera  the  ultimate  ramifica- 
tions of  the  nerves,  so  thai,  on  being  fixed  by  the  action  of 
the  gold,  they  are  niyre  or  less  altered. 

It  occurred  to  mu  that,  in  the  simultaneous  action  of 
formic  acid  ind  chloride  of  gold,  the  latter  reagent  would 
retain  its  selective  power,  and  by  the  rapidity  of  its  actioo 
would  prevent  the  nervous  terminations  from  being  seriously 
injured  by  the  add.  It  appeared  to  me  also  important  that 
the  reduction  of  the  gold  should  be  as  rapid  as  possible. 
These  considerations  led  me  to  the  fallowing  process. 

The  tissues,  with  the  nerve  terminations,  are  plac«<I  in  a 
mixture  of  chloride  of  gold  and  formic  acid,  which  has  been 
boiled  and  then  cooled.  After  remaining  in  this  mixture 
between  two  and  four  hours  they  are  removed  and  washed, 
and  the  reduction  of  the  gold  is  effected  either  by  the  Rction 
of  daylight  in  slighTly  acidified  water,  or  in  the  dark  in  a 
solution  of  formic  acid. 

By  this  method  of  treatment  the  terminations  of  the 
nerves  in  muscles  appear  continuously  arborescent,  instead  <rf 
being  frequently  interrupted,  as  they  are  when  the  prooesa 
of  Loewit  is  employed.  At  the  same  time  they  contain  gome 
irregularities  which  prove  that  the  process  is  still  insufficient. 
For  this  reason  it  became  necessary  to  invent  a  fresh  process. 
I  attempted  to  replace  formic  acid'  by  an  acid  which  would 
not  have  an  equally  deleterious  effect  on  delicate  elements, 
and  believe  that  I  Have  found  it  in  the  juice  of  the  lemon. 

Lemon  juice,  though  its  protracted  action  altera  nervous 
tissues,  yet  preserves  their  form  sufficiently  long  for  it  uol 
to  be  altered  in  the  time  requisite  to  procure  the  whole  effect 
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of  tbe  chloride  of  gold.  Preparation*  of  the  white  or  red 
muscles  of  the  rabbit,  treated  successively  with  lemon  juice 
and  chloride  of  gold,  preserve  the  nerve  termiuationB,  not 
only  continuouoty  arborescent,  but  also  remarkably  regular. 

I  have  employed  this  process  in  the  investigation  of  the 
nerve  termination?  in  the  epidermis  in  general,  and  havecm. 
ployed  for  this  purpose  organs  in  which  numerous  authurs 
have  already  studied  the  terminations  of  nerves;  for  example, 
the  snout  of  the  pig,  the  uuse  of  the  mole,  and  tbe  skin  of 
the  human  6nger. 

In  the  pig'ei  Kuout  (fig.  1)  the  nerves  which  penetrate  and 
ramify  in  the  epidermis  have  a  variable  diameter ;  the  rami- 
fications  they  form  have  an  equally  variable  distribution, 
though  on  this  point  it  is  not  necessary  to  initist.  It  is, 
however,  to  be  noticed,  as  is  shown  in  fig.  1,  that  in  propor- 
tion as  the  nerves  approach  their  lerminaticn  they  become 
moniliforiu,  and  that  some  of  them  break  up  into  granules, 
which  become  completely  free.  Some  of  these  granules  arc 
to  be  seen  completely  i!io1ated  in  the  corneous  layer  of  the 
epidermis. 

As  regards  the  termination  of  the  nerves  in  the  nose  of 
the  mole  {Ta^ia  europea),  I  will  assume  a  knowledge  of  the 
investigations  of  Eimer  and  Moisisovicz.  I  will  add  that  at 
the  base  of  the  epidermic  thickening,  amongst  the  nervous 
tubes  destined  for  them,  there  are  small  Paccinian  corpuscles, 
and  that  in  the  deeper  layer  of  the  epithelial  ma&s  forming 
these  paptllo!  there  are  five  or  aix  small  rounded  nervous 
corpuscles,  as  to  the  .signification  of  which  I  do  not  propose 
to  give  any  further  details.  As  regard  the  true  inter -epithelial 
nervous  branches  (fig.  S],  it  is  important  Co  notice  that  those 
which,  to  tht'  number  of  two  or  three,  are  placed  in  the  centre 
of  the  organs  of  Eimer,  form  zigz>ig«,  which  becomu  the  mure 
pronounced  as  they  approach  the  surface  of  the  epidermic 
covering.  At  the  angles  of  the  zigzags  there  are  at  first 
thickenings  of  the  nervous  fibre,  and  finally  veritable 
buttons.  These  buttons  become  more  and  more  conspicu- 
ous, become  stalked,  and  in  the  neighbourhood  of  the  cor- 
neous layer  become  completely  free.  The  marginal  nerve- 
fibres  (cide  fig.  2j  of  the  organ  of  Eimer  remain  straight 
through  their  whole  course,  but  a*  thi^y  approfioli  the  sur- 
face swellings  appear  on  them,  which  are  placed  in  the  same 
transverse  line  for  all  tbe  fibres.  These  swellings  enlarge, 
soon  form  a  prominence  turned  towards   the  v  '  t)ie 

organ,  then  become  stalked,  and  finally  beov  K 

free  near  the  corneous  * 

The  same  proc«».  ierved  witi  j 
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fibres  of  the  organ  of  Eimer  (fig.  B).  Thew  flbr«  divide  m 
ta  to  form  rudimentary  arborescences,  which  end  in  buds  vai 
hntton-likn  iHekeninga,  which  can  equftlly  be  a«panit«d, 
travrl  towards  the  surftice,  and  b*  thrown  off  to  the  extnior 
with  the  other  products  of  the  evolution  of  the  epidprmts. 

In  preparations  of  the  humaJi  rpidetmis  (tig.  S)  made  with 
chloride  of  gold,  the  terminal  branches  of  the  nerves  haw 
an  armngemcnt  analogous  to  that  of  the  peripheral  nervoQs 
ramifleationB  of  the  organ  of  Elmer.  Only  the  nerves  which 
peuetiale  iulo  epi'termis  have  a  very  inconstant  diameter, 
and  the  Taini6caiious  they  form  are  subject  to  great  rariarions, 
upon  which  I  need  not  inaist  further.  I  must  content 
myself  with  eaying  that  in  proportion  a^  they  approach  the 
corneous  layer  the  ultimate  nervous  ramifications  become 
more  and  more  montliform,  and  finally  break  up  into 
granules,  which  are  no  longer  connected  with  the  nervous 
tyatem,  and  which,  mingled  with  the  epithelial  cell^ 
appear,  like  these  Utter,  to  be  inbjected  to  n  process  of 
elimination. 

The  theory,  or  rather  the  hypothesis,  uhich  I  propoie  ii 
founded  on  the  facts  which  I  hare  just  briefly  expounded. 

The  nerves  which  enter  the  epidermis,  whatever  maybe 
the  form  or  extent  of  their  ramifications,  are  suhject  to  s 
continuous  evolution.  They  grow  white  at  the  same  time 
their  terniinaiions  undergo  a  gruilual  degeneration  ;  this 
degeneration  leads  to  the  fornmiion  of  granules  of  nervoos 
aubstance,  wbtclt  become  completely  free,  and  are  sood 
tranfiported  into  the  inert  layers  of  the  epidermis. 
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On  thf  Tebminatios  of  th*  NF.H^'EB  in  the  Mammalian 
Cornea.  By  E.  Klbin,  M.D.,  F.R.S.,  Lecturer  on 
liisiolo^  Rt  St.  Bartholomew's  Medical  School.  (With 
Plate  XXXVII.) 

TnuRB  \%  hardly  an  orf^an  in  which  the  distribution  of 
the  6ue  iien'es  cau  be  so  easily  observed  as  in  the  coniea> 
thanks  to  the  invaluable  discovery  of  Coliiilieim  of  staining 
the  organ  with  chloride  of  goM.  Since  his  publication, 
^"ovember,  18G4>, "  On  the  Termination  of  the  Sensory  Xecves 
in  the  Cornea,"  in '  Viichow's  Archiv,'  vol,  sxviii,  a  very  great 
number  of  observations  on  the  same  subject  have  been  pub- 
lished, all  of  which  have  been  obtained  by  Cohnheim*a 
method  of  chloride  of  gold. 

On  a  perusal  of  all  thps«>  publications^  one  arrives  at 
the  remarkable  conclueion  that,  notwithstanding  the  excel- 
lence of  the  nethod,  notwithstanding  the  distincineBg  with 
which  the  final  nerves  are  traceable  in  all  parts  of  the 
cornea,  notwithstanding  the  great  traasparency  and  rela* 
lively  simple  structure  of  this  urgan,  notwithstanding  the 
absence  in  it  of  a  variety  of  structures,  such  as  glandSj 
blood-vessels,  &c,,  capable  of  materially  interfering  with  the 
observation  of  the  fine  nerves — notwithstanding  all  this,  there 
exists  the  greatest  variety  of  opinion  as  to  the  tetminatiou  of 
the  fine  nerves. 

The  arrangement  of  the  microscopically  coarse  nerve 
branches  in  the  cornea  of  the  frog  and  mammal  were 
understood  before  the  use  of  the  gold  method,  thanks 
to  the  researches  of  Saemisch,  Arnold,  and  Hoyor;  and  after 
the  gold  method  ihe  observations  of  Cohuhcim,  Kiilliker, 
Uoyer,  His,  Waldeyer,  and  others  have,  one  might  almost 
say,  been  exhaustive  on  the  same,  viz.  the  arrangement  of 
the  coarser  branches;  it  is  the  finer  and  finest  fibres  whose 
termination,  nay,  even  whose  distribution  and  arrangement 
is  still  a  matter  of  discussion. 

The  hut  publication  on  this  subject  is  by  Ixquierdo, 
('  Beitragp  aur  Kenntniss  der  Endigung  der  seneibkii 
Nerven,'  Inaugural  Dissertation,  StraSHburg,  1879)  and  by 
WaWeyer  ('Archiv  f.  mikrosk.  .inntom/  xvii,  p.  367), 
chiefly  relying  on  Izquierdo's  researohes  carried  out  under  his 
(Waldeyersj  direction.  They  are  lo  the  effect  that  the  fine 
nerves  entering  the  anterior  epiibrlium  of  the  coniea  termt- 
fiate    in  the   8ui>crlicial  layers,  in  the  manner  described  by 
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KuUiker  and  Hover,  viz.  wjtli  free  ends  of  th«  Mine  nature  « 
iiiHiiiuined  hy  Iloyer,  Mliile  most  of  ibosi.'  in  the  substantia 
propria  tcnniuat*-'  in  ttie  procet^acs  of  the  coriicid  corpuscles. 
I  snaU  return  to  these  observations  below  in  detail,  bat 
wish  to  point  out  here  already  that  they  are  dtanietrically 
opposed  to  those  that  I  described  in  this  Journal  in  1^71 
(October,  LS71),and  in  the  '  Monthly  Mic-roscopicalJournal ' 
(April,  1872),  to  the  effect,  first,  that  the  fine  nerves  haviiij; 
entered  the  anterior  opitheliuin  and  having  branrhed  and 
run  horizontally  (Kolliker)  for  a  1on{;er  or  shorter  distance, 
terminate  in  h  network,  which  I  callvd  the  intraopithelial 
network  ;  unJ  secondly,  that  those  iii  the  aubstuntia  propria 
do  not  anastomose  with   the  processes  of  the  corneal  cor- 

tiusclts,  as  was  mentioned  by  Kuhue,  Cohnhetmj  Mose- 
cv,  Lipmanu,  and  others,  hs  will  he  referred  to  below 
nuituiely,  but  altliough  in  their  extremely  long  course  numy 
times  they  come  in  close  contact  with  the  corneal  corpusclesj 
do  not  terminate  in  thcni  but  as  a  network  on  them.  For 
the  reason  of  this  discrepancy  between  my  results  and  thoM 
of  Izquieido  Hnd  Waldeyer,  I  have  again  made  the  nerves 
of  the  cornea  a  subject  of  invesUgation,  and  I  am  able  to 
prove  that  ntiiher  do  they  terminate  with  free  ends  in  the 
anterior  epithelium,  nor  are  they  connected  with  tbe  corneal 
corpuscles. 

Ou  making  this  renewed  investigation,  I  have  observed 
several  other  puiuts  which  appear  to  me  to  be  of  importance 
in  the  discussion  of  the  mode  of  lermiimtion  of  the  fine 
nerve- fibres. 

Iij  order  to  get  at  the  consideratiou  of  the  intraepithelial 
fine  nerves  and  those  of  the  suhetaiitia  propria,  wc  shall 
start  with  tbe  axis-cylinders,  which  in  the  front  layers  of  tbe 
substantia  propria  are  mo^t  numerous,  foriniug  what  are 
called  by  Arnuld  the  subepitbeliat,  by  Hoyer  the  ^uhbasal, 
and  by  Waldoyer  the  fine  stroma  plexuses.  We  shall  refer 
to  them  simply  as  tbe  stroma  plexus.  The  nature  of  the 
brunches  of  this  plexus,  its  bundles  of  primitive  fibrils,  the 
endothelial  periueurnl  eiicuih  of  the  larger  branches,  the 
great  difference  in  thickness  of  llie  difi'erent  branches  and  in 
the  different  planes  of  tbe  sumo  branch,  the  angular  plalc-like 
enlargements,  where  two  or  more  of  ihem  join,  are  so  con- 
spicuous that  there  are  hiinlly  any  differences  of  opiutuu 
about  them,  and  it  is  tlierefoie  unnecessary  tu  refer  to 
them  more  ihan  in  )tHSt>ing.  There  is  no  difference  ainouget 
the  recent  ohscrvtra  as  regard*  the  position  of  these  plexuses. 
They  ace  all  agreed  about  their  being  behind  Bowman's 
membrane. 
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Vint,  as  to  the  relation  of  this  etroma  plexus  ro  the  nub- 
epithelial  nctre  expansion. 

Cohnheini  (l.  c.)  traced  from  the  moat  aiilerior  braiicheB 
of  this  plexu!)  isolated  twigs,  which  imtucdiaEt.-ly  uudcrii(;alh 
the  epillielium  split  up  into  bundles  of  ulctnentary  imrve- 
jibrils.  Hoyer  C  Archiv  f.  Anat.  and  Pliysiolog.,'  1866,  Heft 
]S)  already  saw  these  twigs ;  and  Kojliker  (*  Ueber  u.  Nervea 
Kudigung  in  6ei  Uomhaut  Physic.  Med.  GeselUch.,  in  Wiit>- 
bnrji,  30th  Juni,  1866),  says  of  them  that  they  |>aBs 
an  oblique  direction  throuj^h  the  membraiiiL  De«ci;nieti, 
order  to  arrive  at  the  posterior  surtnce  of  the  epitlielium, 
and  he  therefore  called  tliem  rami  perfomntes.  Huyer 
(*ArchiT  f.  roikrosk.  Anat.,'  ir,  ii  Hcfi,  p.  2S6j  was  the 
first  who  described  in  the  most  anterior  layers  of  tha 
substantia  propria,  but  underneath  the  anterior  basement 
membrane,  a  special  nerve  termination,  the  aubbatiilar 
plexus,  which  consists  of  fine  and  tinest  librils  derived  from 
the  branches  of  the  stroma  plexus.  Most  of  the  finest 
fibrils  after  a  lon^;,  straight  or  wavy  course  aud  after 
branching  terminato  with  free  ends  iu  the  tisRue.  All  fibres 
of  the  subbaailar  plexus  remain  underneath  Bowman's  mem- 
brane, and  this  plexus  is  densest  in  the  peripheral  zone  of 
the  cornea.  While  confirming  1  Foyer's  obsf-rvation  as  to 
the  p,T€at  abundance  of  the  fine  and  Ancst  tibriU  iu  this  sub- 
baBJIdf  plexus  in  the  cornea  of  the  guinea-pig  aud  rabbit, 
I  ant  able  to  add  to  his  description  on  some  important 
points. 

I  will  here  state  once  for  all  what  iu  the  following  pages 
1  shall  speak  of  thick  and  thiii  fibrils;  as  I  have  attempted 
in  my  former  paper  (1S71  and  1872)  so  also  here  I  distinguish 
the  nerve  brandies  of  the  stroma  plexus,  earb  of  which  is  in 
fact  ouiy  a  bundle  of  fine  fibrils,  as  nerve  bundles  of  the  first 
order;  these  give  off  fibres,  which  are  to  be  considered  as  a 
tiinall  bunch  of  two  or  three  primitive  fibnl«<,  are  the  nerves 
of  the  second  order  or  \\ie  thick  fibres,  and  the  individual 
fibrils  constituting  them  are  the  f-nc  jiliriU  t>r  the  fibrils  of 
the  third  urder.  The  latter  are  charactertBed  by  the  smallor 
and  larger  voricositit^s  more  or  lehb  clusuly  placed. 

The  fibres  of  this  plexus  ai'c  of  various  thicknesses  be- 
tween that  of  a  smaller  branili  of  the  stroma  plexus  and  the 
tiuest  fibrils  marked  by  tegular  varicoeities ;  the  thicker 
fibrils  have  only  a  short  course,  since  they  soon  branch  into 
the  finer  ones.  But  ihrsw  letter  are  of  various  tyjies.  a. 
tSuch  as  take  at  nneu  u  hold  ^trai^ht  course,  as  if  they  at- 
tempted to  run  to  the  furthest  possible  re^ons;  iu  this  way 
they  bend  off  from  their  course  once  or  twice  at  a  right  angU, 
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same  laval.     &.  Fibril*  wkidi 
tiering  tlieir  diraclioii 
level  many  times,  running  rcjicatoilly  upwarils  or  dowuwiud? 
in  a  vei'licnl  direciion.     In  sections  ihitt  aru  iiUced  Hori 
tally,  and  comprise  the  anterior  layots  of  th»  coriieR,  t' 
fibriU  can  he  traced  iu  their  entire  course,  hut  it  requires 

Seat  attention  lo  follow  lUeia  through  all  their  cbangv*  af 
rel. 

Nowj  the  nerve  expansion  that  Iloyet  called  the  sub- 
basilar  plexus  can  be  separaled  into  the  t'uUowiuu  three 
systems  : — 1.  A  plexus  of  thicker  and  finer  tihrils,  nUich  lie 
in  the  same  level  hs  the  most  nnteiior  branches  of  lbs 
stroma  plexus,  that  is,  imuiedtalely  behind,  and  closvly  to 
Bowman's  membrane.  This  system  we  call  ihe  atti^*Um 
plexus  proper.  Tbe  thicker  tibres  of  this  system  braoeli, 
and  they  and  their  branches  run  a  mom  ur  lees  wary 
course.  Tlie  finest  fibrils  of  this  system  pasx  out  of  this 
level  behind  or  in  front.  2.  From  the  branches  of  iht 
stroma  plexus  we  trace  fine  fibrils,  wliicb  at  oticu  pasa  into 
the  layers  behind,  and  here  run  for  n  long  distance  in 
straight  line» ;  tliey  branch  repeatedly  and  anastomose  by 
thesp  branches  iu  rare  places  with  similar  fibrils  ;  they  tei^ 
tninate  Apparently  in  the  corneal  substance  with  free  ends. 
These  fibrils  cunstitute  the  deep  subbasilar  fibrils.  \Ve 
shall  return  to  them  below.  As  mentioned  just  befoKt 
some  of  the  fine  fibrils  of  the  fir»t  system  leave  the  level  of 
this  latter,  tind  run  behind  it  as  strni^^ht  fibriU  idcntlciAl 
with  those  of  iho  secnnil  system.  H.  From  the  level  of  the 
first  system  fine  fibrila  pn»!<  anteriorly  into  the  ba^eweiit 
ueinbrtiuu;  here  they  maybe  followed  iu  tlieir  winding 
course  for  a  long-  dietanciv  r'1inti|<ini;  ilietr  direction  repeat- 
edly;  they  arc  not  very  numerous,  and  within  this  tuem- 
brauu  may  be  seen  tn  branch  hore  and  there.  These  fibrils 
may  be  called  the  intrahasHar  fibrils.  They  and  their 
branches  have  a  two  fold  destination;  a,  either  Ihey  again 
pass  bttckwaids  and  associate  themfelvfs  to  the  deep  sub- 
bnsilnr  fibrils,  or,  as  is  not  unfrcquently  the  cose,  they  pass 
Rnit;riorly  through  the  basement  membrane  aud  euler  ifae 
subepithelial  network  to  be  desciibed  presentlv.  In  ihe 
Plate  XXXVII>  accompanyinjf  this  paper,  1  nare  given 
an  accurate  representation  of  these  different  fibres  in  fiin. 
1—3. 

The  nerA'e.fibrils  in  the  imint'diatc  proximity  of  the  epithc- 
hum  form  what  is  known  ae  the  subi'pitbeliul  network';  it  is 
made  up  of  fine  and  finest  varicose  fibrils,  and  they  are  derived 
from  two  sources: — {a)  from  the  r«mi  perforantes;  (bis source 


TEB&IINATION   OF  NEKVI*  OF   U^UU^LUN   COKNKA. 


I 


was  aireadjr  koown  to  Cohuhciin,  KoUiker,  and  Hover;  as 
Cohnheim  very  b«autil'ully  sho^ved,  they  come  off  from  the 
rami  perforautos  iii  "  buiidle«,"  cxce|it  in  a  ^iiiaU  ccutTnl 
zone.  But  1  would  add  here  thnt  tliere  exiet  ^  buudlee '  also 
in  the  central  tone,  but  Ihey  are  not  »o  coiispicuuu*.  b^tau&e 
Mnaller.  All  tibrile  lire  possessed  of  varicotitlcs,  and  those 
of  tlie  same  bundle  diverge  the  furthcv  away  from  their 
raoius  perforaiis ;  they  fuim  triangular  groups,  lite  apex  of 
whioh  if  directed  towards  tho  periphery. 

(It)  A  few  tibrils  are  derived  from  the  intrabasilar  &\a^t 
a$  uentioiied  above. 

A^  regards  the  course  of  the  fibrils  of  the  subepithelial 
network,  iliey  nil  have  a  linear,  but  more  or  leas  wiiulinf; 
courw.  Their  uuraber  is  everywhere  very  great,  but  there 
cxifet  remarkable  diftereiices  in  this  reepect  in  didVrent 
specimens.  Both  rabbits'  and  giiinea.pigs'cornejr,  prepared 
with  the  thloride  of  |;old,  with  or  without  subsequent  re- 
duciiou  by  formic  acidj  tartaric  auid,  warmth,  Hx.,  show 
some  atriking  variations.  The  hen  results,  i.  «.  the  greatest 
number  of  these  BubepithelitiL  fibrils,  I  have  noticed  in 
coniea;  prejiated,  after  rhloridt;  of  gold,  with  tartaric  acid 
(see  loy  |iaper  in  this  Journal,  October,  1871,  p.  408),  or 
with  glycerine  (in  the  '  Monthly  Micr.  Journal/  April, 
187d.  p.  167). 

In  tuocesiful  specimens  so  obtained  the  numbei  of 
fibrils  is  here  astounding;  it  is  so  great  and  ditjuse  that  we 
can  truly  speak  of  »  special  nervous  layer  formed  here  by 
fine  tibriU.  tiucli  specimen:)  are  not  common  ;  they  are,  in 
fact,  rare;  perhaps  unly  one  out  of  ten  will  show  them  to 
perfection;  bul,sinufi  we  oanuot  assume  that  this  one  would 
in  reality  differ  from  the  other*,  wc  must  necc^ssarily  con- 
cludu  that  this  is  due  to  a  lucky  unltnowii  condiliun  in  Lhu 
method  of  preparation,  and  I  wouhl  a^ain  iiieiat  on  this,  as 
1  have  duue  in  my  former  papers,  viz.  that  the  descri[>tiou 
of  the  distributtuu  of  the  tine  nerve-fibrils  is  probably  tho 
correct  one,  which  refers  to  the  most  peifect  preparations. 

In  the  specimens  tbiit  we  are  now  having  befura  us,  and 
of  which  figs.  7  and  6  give  a  faithful  representation  of  the 
iierve-tibrils  of  the  sul>cpiihc]ial  network,  it  will  ho  seen 
that  the  individual  fibrils  aie  of  very  great  length,  but  there 
are  diHerenc4^tt  in  this  res)ieci.  lit  fig  H  I  jiave  drawn,  very 
accurately,  a  great  number  of  the  fibrils  (by  no  meanp  '"  ' 
the  subepithelial  network  ofu  portion  of  the  cornel 
iug  in  length  to  about  0-4  o*  *   it  will  be 
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Two  fact*  are  very  conspicuous  in  this  figure,  xiz.  first,  llist 
most  of  the  6brils  branch  and  really  aiiasiomose  with  anothtr, 
and  secoudly,  that,  without  exception,  they  leave  the  subepi- 
thelial network  eooner  or  later,  according  to  their  smaller  or 
greater  length.  With  regard  to  the  first  of  these  factSi  it  will 
be  noticed,  from  figs.  7  and  8,  that  not  only  do  the  fibrils  of 
the  same  "  bundle'*  anaBtomose  with  one  another,  but  also 
those  of  neighbouring  onee;  that  consequently  the  subepi- 
thelial fihrils  are  connected  into  renl  networks,  as  CohDheim 
distinctly  stated  in  his  paper,  and  as  I  have  also  described 
and  figured  it.  Hojer  (1.  c,  p.  iS2)  agrees  with  Engt'lmaun 
that  the  fibrils  cross  only,  but  do  not  anastomose,  and 
Izquierdo  (1.  c,  p.  KG)  mentions  anastomoses  between  the 
fibrils  of  the  same  bundle,  but  is  not  certain  whetha 
this  is  the  case  also  between  the  fibrils  of  nvighbuuring 
bundles. 

The  second  fact  above  mentioned,  viz.  that  all  of  the 
subepithelifll  network  pass  out  of  the  level  of  this  latter 
is  easily  ascertained  in  the  preparation  represented  in  fig.  8. 
It  will  be  found  here  that  trwn;/  of  the  ^brtls  possets  short 
lateral  branchhts,  which,  soon  after  tht^tf  are  given  off,  cvrr^ 
hook-like,  and  enter  the  anterior  epithelium.  Some  of  the 
fibrils  of  the  subepithelial  network  arc  possesicd  of  a  great 
number  of  these  minute  side  branchlete  (in  the  figure  these 
arc  marked  by  a  small  cross),  and  when  viewed  from  the 
surface  (see  fig.  8)  they  resemble  a  sort  of  fishing  Hne,  to 
which  are  fastened  right  and  left  a  series  of  hooks  ;  in  otn 
case  the  hooks  are  the  little  branchlela  aoccndinj;  into  the 
epithelium.  But  also  the  extremity  of  the  chief  fibril  itself 
ascends  into  the  epithelium.  In  accordance  with  this  a  ver- 
tical section  through  the  cornea  show  these  fibrils  of  the  sub- 
epithelial network,  creeping  along  the  lower  surface  of  the 
epithelium,  and  giving  off  short  branchlcts,  vertically  aft- 
ccnding  iuto  the  upiihelium^  between  the  cells  of  its  deepest 
layer.  1  do  not  find  in  the  description  given  by  lioyer, 
Cohnheim,  Kolliker,  Kngelmann,  Izquierdo,  and  othere, 
that  these  minute  side  braiichlets,  as  marked  by  a  umall 
cross  in  fig.  8,  have  been  known  to  them  in  the  form  as 
they  are  represented  in  this  figure.  Kolliker  and  Hoyer 
have  pointed  out  that  the  intraepithelial  network  is  situated 
immediately  underneath  the  epithelium,  between  it  and  the 
basement  membrane ;  Kraiise  and  I/cjuierdo,  nowevir,  think 
that  its  fibrils  are  sunk  in  between  the  extremities  of  the 
deepest  epithelial  cells.  I  cannot  admit  this  latter  viewj 
since  I  possess  preparations  in  which  the  whole  epitheliuTn, 
inclusive  of  the  deepest  layer^  is  clearly  removed  without 
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dUturljing  the  tubepithelifil  network,  which  is  left  uuiouciied. 
CohDheim  (1.  c,  p.  41)  mentions  this  already  of  the  cornea 
which  hfta  been  macerated  in  acetic  actd  after  chloride  uf 
gold,  aod  I  can  fally  confirm  him  herein.  This  could  not 
possibly  be  the  case  if  the  stibepitheliHl  network  were  not 
siiuattd  underneath  the  deepest  layer  of  the  epithelial  cells. 
From  vertical  sections  of  the  rabbit's  cornea  we  obtain  ths 
conviction  that  the  greatent  number  of  these  fibrils  are 
situated  above  (I'.tt.  anterior  to)  Bowman's  membrane. 
Cohnbeitn  dues  not  aditiit  for  the  rabbit's  cornea  a  6tructure 
comparable  to  the  similar  int-mbraiic  in  the  human  cornea; 
there  can  be  no  doubt  about  its  presence,  and  in  gold 
specimens  it  is  occasionally  well  marked  as  a  conspicuous 
layer  of  the  thickness  of  a  lamella  of  the  ground  substance^ 
from  which  it  difiers  by  its  being  differently  coloured,  but  it 
is  of  ilie  same  tint  as  the  membrana  Descemeii. 

Having  passed  into  the  fpilhelium,  the  nerve^fibrils  ascend 
in  H  vertical  manner,  wiuiiiiig  thuir  way  between  the  columnar 
cells  of  the  deepest  layer,  as  was  first  seen  by  Hoycr,  and 
afterwards,  by  means  of  his  chloride  of  gold  method,  minutely 
traced  by  Cohnheini.  As  regards  the  fate  of  these  intra* 
epithelial  fibrils  there  is  even  less  agrfement  than  of  that  of 
the  subepithelial  one^.  With  the  exception  of  Inzani,  Thau> 
hoffer,  and  Uitlevsen,  alt  observers  agree  that  the  intra- 
epithelial fibrils  extend  to  ne&r  the  surface  of  the  epithelium. 
According  to  Cohuheim  (' Virchow's  Archlv/  Band  98), 
having  arrived  in  the  superficial  layers,  some  of  them  brnnch, 
others  not,  and  then  they  change  their  vertical  course  into  a 
horizontal  one.  Some  of  them  terminate  with  a  niiiiulu  etid 
knob  freely  fioaling  in  the  precorneal  fluid.  Kolliker 
followed  the  last  termination  of  the  intraepithelinl  fibrils  as 
horizontal  fibriU  situated  between  the  most  supeificial  layer 
of  the  flattened  epithelial  cell.  Here  they  run  for  a  longer 
or  shorter  distance,  branch  re^jcaCedly,  and  anastomof>e  but 
rarely,  and  finally  each  fibril  terniinaieg  with  an  end-knob 
underneath  the  most  superficial  layer  of  the  epithelial  scales. 
Engelmann  (' Die  Hornhaut,'  Leipzig,  is67j,  whose  obser- 
vations refer  only  to  the  cornea  of  the  frog,  saw  only  free 
ends  of  the  intraepithelial  fibrils  between  the  epithelial  cells 
of  the  most  superficial  layers.  At  a  similar  conclusion 
arrived  also  Tolot&chinow  [Inaugural  dissertation  (St.  I'eters- 
burgb,  1867).  According  to  PetermoUer  the  intraepillielial 
fibres  form  networkt<  in  all  layers  of  the  epithelium.  In  my 
paper  on  this  subject  in  this  Journal  I  have  described  them 
as  giving  of  lateral  branchlets,  and  as  forming  a  deep  and 
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ft  MipprficiAl  intnipptiltfHal  nfttwotk^  the  fotmtM*  niluftteil  ra 
the  layct  next  to  the  ^eii'pest  columnnr  ci'lU,  the  latter  1>pk)w 
the  most  Buperfiriol  layer.  Tiie  ftbriU  pf  t!ii>  laitpr  branch 
rciteiti^itly,  nnH  run  n  honKOtitnl  cotirAc  sometimes  for  cwi* 
tinenblb  distances  ;  they  join,  cross  each  other,  nnd  wind 
their  way  between  the  ppilholU!  celb,  chanj^n;;  their  lerd 
•ev^ral  time*.  1  hate  alto  staled  that  theetiH-knobs  that  ooe 
meets  with  on  sotne  of  these  Bbrils  camiot  really  posMM  tU» 
ohnractPT,  ainpe  they  ate  absent  in  others;  and,  beside!*,  their 
are  identical  with  those  larger  varicosities  that  occur  in  the 
codtse  Of  most  of  the  fibrils. 

Hoyer  ('  Archiv  f.  mikr.  Anat./  Rand  i%,  p.  SH)  dncribei 
the  intiAepithelial  fibrils  in  the  same  way  »  I  had  done, 
but,  whilt  admitting;  anaslOTnose*  of  these  flbrih,  tnaiti- 
tains  that  they  terminate  with  free  ends  ntnnn^t  ihf 
lupeiBcial  layers  t»f  theeptthetiat  eetls.  The  stnnti  and  lat]^ 
TRricositieii  wliicli  these  fibrils  show  in  some  specimens  are 
absent  in  others,  and,  thereferp,  must  he  regarded  ft«  pn»> 
dttced  arlificialW.  Rollett  ('Strieker's  HandlHiok,'  nrtttto 
"  Oomea,"  \}.  lUJO}  does  not  see  auy  anasiomosis  amon-ynt  the 
intraepithelial  fibrils,  hut  says,  that  hnviup  branched  they 
terrtiin:tte  in  free  end*,  often  xvith  a  slieht  enlargomeht 
fttnongst  the  SUperfirini  epithelial  layers.  Waldeyer  ((Jratffr 
ohdSaemisth, '  Augeiiheilkunde,'  p.  ^10),  on  the  other  hand, 
maintaiiis  a  benninal  netipFotk  of  the  intraepithelial  netVM. 
Kt^use  (*  Allg.  und  Mikr.  Anatomie,'  1876,  p.  S39)  saw  the 
intwepithelial  nerve  fibrils  fovming  plexuses  near  the  surfiice; 
they  terminate  with  email  end-knobs.  lEquicrdo  (!.  c,  p. 
27)  finds  (hat  the  intrappitheliiil  nerves,  hnvinn;  ascended  In 
a  vertical  or  oblique  direction  into  the  superticinl  layer,  bcttd 
off  into  a  horizontal  course  and  branch.  They  do  not 
annstomtwe.  All  fibrils  terminate  with  free  ends,  or  with  a 
slight  swelling. 

Waldeyer  C'Arthiv  f.hlikrosk.  Anatom,'  Bandxrii,p.  aT9), 
while  accepting  tzquiei-do's  conclusions,  admits  the  iticolTTCt- 
ness  of  his  former  view  of  an  intraepithelial  terminal  net- 
work. When  speaking  of  a  terminal  network  (Graefi?  ahd 
Saetnisrh,  p.  270),  Waldeyer  then  observed  also  free  ends,  but 
"  the  possibility  alwa)-»  remains  that  in  such  apparently  fire 
ends  there  is  only  an  Imperfect  action  of  the  chloride  of 
gold.'*  This  is  just  what  1  hnvt  urged  in  my  first  paper  in 
this  Journal,  1871,  knowing  well  the  great  differences  In 
the  number  of  thp  intrnepiihelial  nervc-fibriis  that  one  meets 
in  various  specimens,  and  in  vanons  places  of  the  same 
apeciuieii,  prepared  after  the  eame  plnrt,  and  seeing  that  In 
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tnnnvcRVet  thtr  nerve-fibril  can  be 'traced  bcyoiitlan  appareat 
eiid'kiiub. 

In  his  last  paper  (•  Archiv  f.  mikr.  Atjat./  xvii),  however, 
"Waldeyer  ihinks  (p.  tllW}  that  the  reason  for  \m  fonnerly 
mainlftining  an  intrnepiihelial  terminal  network  lies  perhnp* 
in  the  fact  that  he  had  chiefly  to  ileal  with  the  human  cornea, 
in  which  thu  cuiuent  substaQce  becomes  readily  stained  with 
the  chloride  of  gold,  and  henoe  the  appearance  of  nnastomoiia 
IS  easily  accounted  for.     In  the  prepatntlons  that  were  the 
basis  of  my  memoir  in  1H7I,  and  in  those  of  the  present 
occasion,  the  inirnepithelial  nerves  are  the  only  fibres  stained 
black  with  the  chloride  of  gold.     The  epithelifll  celle  and 
their   interstitial    subjitance   in    uustaiued,   except    a   faint 
greyish    tint   in   the    tleepest  layer.      The    nuclei    of    the 
Buperficiftl   epithelial   cells    are   just  visible,    being  faintly 
(tlaiiied  Tiolet.     I  must  repeat  that  in  my  deFcripiinns  of 
tiic  intraepithelial  nerves   /  alxtays  had  to  tte<il  ici'M  *«cA 
specimens  only.     Thy»e  in  which  also  the  interstitial  sub- 
Btanee  of  the  cellf  in    the  8Ui>erficial  layers  are    distinctly 
stained   have  alwnya  been  discarded  as  unsuitable,  since  a 
confusion  of  the  interstitial  cement  substance  with  (ine  nerve- 
fibrils  ifl  then  quite  jioflaible.      This  has  been  ably  u^ed 
by  C'ohnhein  (I.  c,  p.  31),  and  in  the  drawings  of  the  infnt- 
epitbelial  nerve'librils  nccompanying  his  memoir  (figs.  T  and 
8,  plate  xii) ;  in  the  figures  given  by  myself  in  this  Joiirnal 
October,  ll*71,  figs.  5J,  3,  and  4,  Plate  XIX  ;  and  tn '  Monthly 
Miero4  Journal/  April,  I8T2,  figs.  6  and  0,  plate  xir;  iti 
those  represented   by   Hoyer  (*  Archiv  f.    mikr.  Anot.,'  ix, 
ftg.  2,  plate  xiii.)  the  unmistakable  and  ponsplcuoUN  nature 
and  course  of  these  fibrils  can  at  oiico  be  recognised,     To  all 
those   who  have  seen  gnod  specimens  of  the  intracpithelint 
nerves  it  must   be  evident  llint,  judging  from  the  reprc- 
fcntation  given  in  Rollett's  fig.  31*0,  I.  c.,  p.  U86,  and    iu 
Waldeyer**  fig.  81,  1.  c,  p.  210,  both  these  authors  had  not 
seen    the    intraepithelial     honxontal    nerve-fibrils    of    the 
superficial  layers,  and  coiisefiuently  were  not  iu  a  posiliob  to 
judge  of  their  final  distribution. 

Following,  then,  carefully  iu  a  horirontal  section— the 
anterior  friv  surface  being  directed  upwards  and  a  place  being 
selected  that  comprises  only  the  epithelium — of  a  well-stainad 
and  well-reduced  gold  cornea,  the  intraepitlielial  nerve-fibrils, 
after  they  have  passed  between  the  columniir  cells,  can  be 
traced  as  more  or  less  horizontal  fibrils  in  all  layers  anterior  to 
the  deepest  columnar  cells.  Tlie  lengtli  of  these  fibrils  varica 
very  greatly ;  some  of  them  are  very  short,  not  longer  than  the 
breadth  of  two  or  three  epilUelial  cells,  wlnle  many  othewmay 
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sitnibtr  huTizoutal  fibrils;  every  one  of  tbetu>if  long  enougb, can 
be  seen  to  change  rL>)>eaicdly  its  level,  now  Bscendiri|f  to  almosl 
tbe  fru«  surfauv,  thi:u,  again,  (U|ip)D|;  down  aiul  pui»uing  iu 
course  aruoog  ittc  middk  tavern  of  tbe  epiliielium.  In  this 
maimer  they  torm  a  very  intricaie  texture,  eucb  aa  I  have 
figured  in  uiy  former  papers,  aud  as  is  also  figured  by 
lloyer  in  his  fig.  S,  plate  xiii.  We  bud  these  fibrils  in  all 
layers^  between  tbe  most  superficial  layer  of  scales  and  tbe 
deejtest  layer  of  culuntnar  culU,  and  1  must,  therefore,  coireci 
accuTdin^'ly  my  former  stateueul  as  tu  the  pie««uce  of  these 
fibriU  only  in  two  layers  (a  deep  and  superficial  iuita* 
epiiiielial  network),  although  I  must  adhere  to  my  fonotr 
Ktaiemetit  thai  tliey  are  most  numerous  in  the  superficial 
layers.  The  fibrils  arc  of  various  thicknesses;  some  arc  coti' 
apicucusly  thicker  thmi  those  of  tbe  subepithelial  network. 
This  is  ebpL-ciidly  the  case  wiih  those  in  the  superficial  layen, 
as  1  must  pcri^iiit  in  maintaining  against  Hoyer  (1.  c,  p.  8<I4j; 
but  in  all  layers  in  whicb  they  occur  we  find  fibrils  of  com- 
paratively great  thickuess  crossing  and  anastomosing  oc 
giving  utr  res{>ectiTely  fibrils  of  suoh  fineness  that  it  is  just 
possible  to  trace  them.  Whether  very  fine  or  not,  they  almost 
invurtubly  possess  minute  varicosities,  some  fewer,  others 
more ;  especially  the  very  fine  ones  show  them  belter 
more  regularly  diRposed  than  the  thick.  Decides  ibvae 
variuosilies  there  are  other  larger  ones  more  irreguUrlj 
distributed.  They  are  either  staff-sbaped,  or  apherieal 
or  pear-shaped,  or  angular.  Any  of  these  large  ran- 
cosiiies  may  be  met  with  in  the  course  of  the  fibrils 
where  they  joiu  others  or  where  they  give  off  one  or  two 
lateral  branches,  or  they  occur  at  the  apparent  extremity  or  a 
fibril.  1  say  purposely  "apparently,"'  isiuce  we  shall  presenilj 
sec  ihat  they  are  not  the  real  ends.  Such  apparent  ends 
occur  on  the  fibrils  or  their  brauches  iu  all  layers,  ds  Cohu- 
hcim  very  correctly  described  (1.  c,  p.  28j,  except,  of  conrsr, 
the  deepest  layer  of  columnar  cells,  and  the  most  superficial 
one  of  flattened  scales. 

TLe  iiervc-ribrilt  do  not  pass  loIo  lliis  lut-named  Is^er,  onti  oectainlrds 
aot  cxlcnij  beyond  it.  I  have  expressed  mjaelf  in  ihe  mmc  wiise  '\naaj  m 
lay  former  wiuniUDicntious,  iu  awoiiUaca  with  Koliikt-r.  Uotmt  toi 
Ist^aiurdo  did  not  see  tliem  jjub  into  tlie  most  superScial  ijyer  of  scalts. 
Wlieii  looking  »t  i  horizontal  sfcLiou  coinpriaing  the  cofujiicic  epitlielium. 
It  niJ]  at  Arst  appear  lu  if  some  of  the  moitl  supcrficiitl  intrai-pitbcliil 
fibril*  did  reiJl5  extend  as  far  as  the  free  surface.  To  delcrmmtr  ilii»  it  ti 
aecefiury  to  um  Idgli  powers,  such  u  Zeiat's  t^f  ^^  immeruoa,  or  Hartnacfc'* 
10  iauueniou ;  it  viu  tlieu  be  seen  tlist  one  layer  of  nuclei  {i^.  timso  of 
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fibril*.    On'MOOoiit  of  Ibr  ere&t  Ihinacu  of  the  lupctficukl 
inodentd;  h^  pover,  racS  m  Zeiu's  D  ud  E  ( J  and  )  inch),  or  Hut- ' 
uack'»  7  ud  Bi  does  no4  lufiee.    Awoopit  tbe  {treat  manj  Bpechncna  vbioh  ' 
1  lu*«  «xra(ud— tbej  unonnt  to  hniidrcd» — only  in  trt  nra  iutuces 
hsre  I  Mcu  ou  or  the  other  fibril  u  tlie  uue  ierel  «a  ibe  nost  sa{>«- 
Gcial  Rudet. 

Before  coming  to  their  ends  I  must  say  a  fen*  words  as 
regards  their  relation  to  one  another.  Cohnheim  (1.  c,  pp.  S7 
and  2S)  does  not  speak  of  any  anastomosis  of  the  iiilrnepl- 
iheliaJ  cerre-fibres,  while  Kolliker  (1.  c,  p.  4)  ubscrved  such 
BnaMoaoses,  "  although,  as  it  appears,  not  frequently.'* 
AsMMsoeesof  the  intra e pith t5lial  uerve-Hbrils,  although,  on 
fW  vholc,  rarer  than  I  thought  them  to  be  in  my  first 
memoir,  do  no  doubt  occur.  My  mistake  of  assuming  them 
Id  be  of  very  frequent  occurrence  aroK  from  my  not  having 
examined  with  sufficiently  high  powers. 

It  must  be  borne  in  mind  that  these  fibrils  in  many  places, 
when  crowing,  are  in  very  close  contact,  and  if  they  happea 
to  croBiS  at  the  point  of  a  varicosity  the  appearance  of  an  anas- 
tomosisis  produced.  When  examining  such  places  with  an 
oil  immersion  -^V  °f  Zei^s  I  can  ascertAiu  that  in  four  out  of 
six  there  is  really  no  anastomosis  between  the  fibrils;  in  the 
Other  two  it  is  impostsibl^  to  say  that  there  is  not  an  aiin^to- 
tnosis.  But  there  exist  real  anastomoses,  about  which  there 
can  be  no  doubt  whatever  ;  these  refer  to  such  places  where 
two  of  the  long  fihriU  are  joined  with  one  another  by  a 
Bhort«r  ur  longer  side  branch.  In  fig.  10  are  represented 
such  undoubted  anastomoses. 

Now,  as  to  the  larger  or  smaller  knob-like  structures  which 
are  met  with  on  the  apparent  extremities  of  the  shorter  as 
well  as  ihe  longer  filirile,  as  ineatioiied  abuve,  and  as  observed 
by  nil  who  have  worked  at  this  piibjecl,  thrre  Is  no  doubt 
about  their  presence,  and  the  question  is  whether  they  are 
ihe  real  ends  or  not.  Kolliker  [I.  c,  p.  4J  would  not  sny 
that  these  knobs  are  natural  or  artificial,  Hnyer  {!.  c, 
234)  considers  them  as  artificial  products,  and  Izquierdo 
(I.  c,  p.  SS)  as^erlK  that  some  fibrils^  ut  any  rate,  possess 
tbctu.  Cohnheim,  Toloischinow,  Krause,  and  others,  con- 
sider theio  as  natural  end-knobs. 

fit  cannot  be  denied  thm  they  possess  the  same  appear- 
ance, whether  at  the  end  of  a  fibril  or  in  its  course ;  but  the 
great  differences  iu  their  number,  eiso,  distribution,  and 
shape,  ticems  to  point  to  their  bcin^  artificial  productji.  Thnt 
sDinft  of  ihem  are  not  *' end-knobs''  this  I  am  going  to  proie 
presently;  that  others  are  such  is  doubtful,  since  it  cannot 
with  any  show  of  reason  be  a^^^rtetlj  as  Izquicrdu  dona,  and 
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as  Waldejrer  confirais,  that  (here  ex.iB(  two  mixUi  cftcrmiiu- 
tion — one  M>ith  end-knobs,  and  the  other  without. 

What  is,  xhon,  their  real  termination  ? 

In  preparations  which  would  past  the  muster  of  good 
nerve  prepnrfttions,  there  is  nothing  to  be  seen,  tven  when 
oxamiued  witli  a  hi^li  (Kjwer,  lieynnd  the  fibrils  n9  figur«4 
by  Cohnheim,  myself,  iluyvr,  and  Iii{|uierdo,  and  as  now  re- 
presented in  the  fipires  of  the  Plate  accompanying  thiapreMai 
memoir.  But  after  they  have  beon  kept  mounted  in  ^l)-ci>rine 
for  some  time — i  refer  here  to  specimens  of  the  rnbhit'e  cornea 
prepared  afu'r  the  simple  (Cohnheim'sj  method  of  chloride 
of  gold,  M  well  IS  that  where  afterwardd  a  reiluctiou  it 
effected  by  means  of  tartaric  acid  (vce  my  former  paper  in 
this  Journal)  and  niounied  in  >;lyceriue  for  one  or  two  vears 
— and  if  they  are  then  carefully  examined,  it  will  ba  nmnd 
that  in  eume  of  them  a  great  many  exceedingly  line  fibnii 
are  seen,  which  arc  given  off  by  the  above  ordinary  intra* 
epithelial  librils,  both  k«  lateral  branchletv  and  from  the 
knobe  tliuL  previoutly  appeared  as  eiid-knubs.  ThcM 
fibrila,  which  Rt  the  time  the  prepnration  was  mounted 
could  not  be  ce«Ui  are  now  distinctly  traceable,  floma 
for  a  long,  others  only  for  a  short  distance.  In  some 
places  they  appear  as  n  row  of  minute  stained  dots  with 
unstuined  joints  between,  M'hilc  in  others  holh  the  dot) 
aud  joints  are  stained  and  then  easily  perceived.  FoL* 
lowing  under  a  higli  potv^r,  t^.ff.  Zeiss'  oil  immersion  jVi 
which  by  its  exquiEitely  line  definition  is  admirably  suited 
for  this  purpose,  one  of  tlir  Bliriln  in  the  anperficial  layers — 
of  course,  only  thin  horiEoniul  s^ciions  of  the  epithelium 
being  referr«rtl  to  here — we  are  at  once  struck  inf  the  very 
ffreat  »untier  of  thorf.  lateral  roriMfie  prf^'fctiom  trhich  ttrt 
a«SH  on  mostjibnff,  hnth  ihv  ordinary  on^s  o«  vefi  as  tiie  very 
fine  ones  just  mentioueil.  Gcnenilly,  but  not  by  any  means 
always,  they  are  given  off  at  the  varicosities.  Especially 
interesting  are,  in  this  respect*  the  knobs  which  were  above 
refened  to  as  end-knobs ;  some  uf  these  appear  beset  with 
these  projections  on  their  whole  circumference,  nnd  resemble, 
then,  sonienhat  the  thick  extremity  of  a  stamen  with  its 
radicles.  Most  of  them  arc  very  short,  rod-like,  others  can 
be  traced  for  long  distances,  and  in  this  case  iliev  are  in- 
variably dotted^  and  present  themselves  as  regularly  varicose 
fibrils,  giving  off  likewiee  numerous  lateral  branchlets.  Alio 
in  this  ca^c,  either  only  the  varicosities  api>eflr  einined  and  the 
joints  unstained,  or  the  joints  are  faintly  stained.  Now,  both 
theshoic  rod-like  as  well  as  the  longer  filamentous  branchlt?ts, 
ramifying   dcndritically    and  unitnig    by   their    branchleis. 
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br^Bk  up  into  a  network,  urhich  ts  of  cxceciliu;;  mttiiitc- 
nesf*.  The  notirork  nppears  composed  of  small  roiU  of  equal 
length,  and  nt  all  the  nodal  points  there  ts  a  minute  dot  or 
^nnule.  These  rods  apiwar  gcnerttlly  faintly  aLained  ns 
comportd  with  the  doK,  but  in  some  places  tliey  arc  stained 
as  much  m  (he  latter.  Only  in  few  pUcee  hare  1  seen  this 
network  rery  perfecl,  and  then  only  oyer  a  small  space,  but 
then  it  appeared  nith  aufficientlT  greot  distinctnets  as  a 
reticulated  plate-like  expansion  of  some  of  the  fine  norre- 
fihrils.  This  minute  network,  which  I  nhall  call  M/-  i/tr- 
mitvai  ff'ftror/',  19  ishown  in  H$«.  11,  14,  15,  16,  and  [  must 
refer  the  reader  to  these  figures  which  give  a  mote  compre- 
liensive  idea  of  its  nature  than  any  lenpfthy  description; 
it  ifl  situated  beltceM  the  epithelial  cells,  iince  we  tee 
it  from  its  broad  surface  and  in  profile  (see  llgs.  1 1  and  16). 
As  meiillonedon  a  previous  page,  flhrils  with  end-knohs  arc 
met  nith  in  almost  all  layers,  and  So,  I  presume,  is  also 
the  terminal  network,  but  for  ohnons  rcRFons  it  ip  only 
distinctly  Iraceftble  in  Ihe  superficial  layer. 

In  the  above  figures  I  have,  for  the  sake  of  co?uparisou, 
added  a  few  nuclei  of  the  flattened  epithelial  cells;  these 
nuclei  are  just  visible  as  faintly  outlined  ovnl  or  spherical 
discs,  of  n  pale  grey  or  bluish  colour;  of  the  outlines  of  the 
cellt  theuwclrcs  nothing  can  be  seen. 

Thus,  it  is  easily  recoguindthiit  the  nerve-fibcils  wo  liave  to 
deal  with  ht're  as  connected  with  the  end  reticulum  are  con- 
siderably finer  than  those  drawn  by  Hoyet  (fig.  Bj  pi.  xiii),  ot 
lzqmerdori;c..fig.  5,  pl.i).  The  fiueness  of  the  terminal  net* 
work  is  by  nomeans  infferior  to  that  of  the  terminal  network 
which  1  described  of  the  nerves  in  the  akin  of  the  Udt>ole, 
and  situated  iitiinediately  underneath  the  epilhvliiiiii  (' Sii- 
zungsbet.  d.  k.  Akndein.der  Wiss.,'  Vienna,  1870,  vol.  61), 
and  also  observed  by  Lavdowsky  ('  Arch  f.  norm,  und  path. 
Histolog.,' 1870,  and  •  Centralblatt  f.  med.  Wiss.,'  1872, 
No.  17),  nor  that  discovered  hy  Uerlach  in  the  grey  matter 
of  the  spinal  cord  ('  Centralblatt  f.  d.  meiltzin,  >ViBs.,'  1807, 
Jios.  2-4  and  25),  and  by  Kiudfleisch  ('Archiv  f.  mikr.  Annt.,' 
viii,  p.  453)  and  Gerlach  ('  Ceutralbl.  f.  d.  mediziu. 
Wiss.,  1873,  No.  18),  in  the  grey  tnatter  of  the  corlex 
of  the  cerebrum.  If  Waldcyer  in  his  last  article  ('Archiv. 
f.  mikr.  Anatomic.'  xvii  Band,  iii  Hefl)  sums  up  by  say- 
ing (p.  379)  that  there  exist  no  terminal  networks,  and  that 
the  fine  nerve-fihrr?  piidiHj?  in  the  epithelium,  either  run  out 
frcely  or  end  wiih  a  minute  knob,  it  is  necessary  to  retninil 
the  reader  that  W:tldeyer  bases  himeclfoU  Izqnicrdo's  ■■•n^^ 
mens,  which,  as  far  ns  refers  taji  «pithelial 
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6brils,  I  consider  imperfect,  autl  Waldeyet's  assertion  miut 
therefore  be  taken  to  hare  the  value  of  neg'stive  evidence 
only.  That  the  reduction  of  the  gold  in  Izquicrdo's  sped- 
tneiu  has  not  been  complete  is  further  proved  by  his  sayiiig 
(1.  c.,  p,  &9)  that,  "  in  vain  have  we  searched  in  the  epithe- 
lium for  the  celU  of  Langerhnns,  which  Ilibbert  pretends 
to  have  recently  found."  These  celU^-elongalcd  celb  with 
Tery  many  finer  and  thicker  branched  processes — it  is  txue, 
are  not  met  with  in  ordinary  specimens,  but  in  those  itt 
whicli  the  reduction  of  the  gold  has  been  cumtitete  they  are 
very  conspicuous  by  their  colouration  and  size.  Their  numbei 
generally  varies  in  the  midiDe  and  superficial  layer*  of  the 
epithelium  in  diffL'tenl  pliices  and  their  proceMiee,  iiithougb 
crosiied  by  the  intraepithelial  nerve- fibrils,  appear  nowhere 
connected  with  them. 

The  assertions    uf   Inzani  ((quoted    by    Izquierdo,  1.  c, 

(I.  16)  about  special  terminal  ends  situated  amungst  epithe- 
ial  celU  of  the  deepest  layer  and  possessed  of  minute  ftbrils, 
as  well  as  thoiie  of  v.  Thuultuffer  ('  Virchow's  Arcliiv,'  Baud  63, 
1875)  about  the  fine  nerve-fibres  terminating  in  so-called 
tactile  corpuscles,  situated  between  the  cells  uf  the  deepest 
layer  of  the  epithelium,  are  obviously  due  to  imperfet  speci- 
mens.  This  is  well  illustrated  by  the  fact  that  Thanboffer 
did  nut  see  any  uerve-hbrils  beyond  the  deepest  layer  of 
cells.  To  11  similar  cause,  viz.  to  imperfect  specimens,  must 
be  also  attributed  the  assertions  of  Hoale  about  the  absence 
of  nerves  iu  the  epithelium.  Beale  did  not  see  any  nerve- 
fibres  in  the  anterior  epithelium  of  the  cornea,  but  then 
this  observer  did  not  make  use  of  the  chloride-of-gold 
method. 

The  last  point  which  I  wish  lo  discuss  hue  is  the  termina- 
tion of  the  nervc'tibrils  in  the  substftntia  propria.  As  is 
well  known,  Kuhiie  was  the  iirst  to  maintain  that  in  the 
frog's  cornea  the  finest  fibrils  terminate  in  connection  with 
the  processes  of  the  corneal  corpuscles.  The  number  of  ob- 
servers who  made  this  a  specutl  point  of  investigation, 
although  great,  range  lliemselve?  in  those  who  confirm 
KUbne,  Moseley  (this  Journal,  July,  1871),  Konlgbtein  ('Siti- 
uugsber.  d.  K.  Akad.  in  AVien./  1877,  ifand  7tJ_),  Izijuierdo 
(I.e.,  p.  S5).  and  Waldeyer  (1.  c,  p.  37S)  ;  buth  these  last- 
named  observers  assert,  however,  that  some  fine  fibrils  termi- 
nate also  free  in  the  substantia  propria.  Then  those  who 
simply  deny  sucii  a  connection,  and  accept  a  free  ending  of 
the  fine  nerve-fibrils  in  the  substantia  propria,  KijUiker  (1.  c._), 
£ngelmanD  (1.  c),  Dwigbt  (*  Monthly  Micr.  Journal,'  1869;, 


Tolot8cliuiow(Lc.)f  Rolktt  (I.  c,  p.  1188) — who  is,  however, 
not  able  to  My  in  what  way  they  terminate— H oyer,  and 
KrnusG  (I.  c).  And,  lastly,  thoEe  who  mnintain  a  special 
termiiiauon  of  the  fine  nerve-fihrils,  Lipmann  ('Virchow's 
Arcbiv,'  Band  "S,  p.  218),  who  says  that  the  6ne  Bbrtl^  ter- 
tniiiHtc  ill  tlic  nucleoli  of  the  nuclei  of  the  cornciil  corpuscles. 
Lavdowsky  ('  Archjv  f.  Mikr.  Anat./  viii)  aMumcs  two  kinds 
of  terminations  of  the  uerve-6bnU,  (a)  in  rhombic  pUtes, 
supposed  to  be  present  in  the  wall  (?)  of  the  lymph-cannli- 
cular  system  (dog),  and  (b)  with  peculiar  enlargemenu  near 
the  nucleus  or  in  the  nucleolus  (frog,  dog,  cat, calf).  In  my 
former  papers  I  have  stated  that  the  linest  uerve-fibrils  in 
the  sulwtnntia  propria,  in  good  ^olil  specimenii  of  the  froff's 
cornea,  are  conspicuous  by  their  great  length,  their  peculiar 
rectilinear  course,  their  right-angled  bending,  their  few 
branchings ;  these  fibrils  I  described  as  the  nerven  of  the 
third  order,  and  as  being  nowhere  in  connection  with  the 
corneal  corpuscles,  although  they  come  in  close  contact  with 
them  in  many  places  ;  they  are  not  the  finest  nerve-fibrils, 
as  assumed,  since  in  some  places  thc^y  are  seen  to  give  off  very 
miuute  short  fibrils — uerie-fibriU  of  the  fourth  orui-r — which, 
on  the  surface  of  tiie  corneal  corpuscles,  anastomose  in  a  sort 
of  network. 

I  hare  now  extended  my  observations  on  the  fiue  nervo- 
fibriU  in  the  substantia  propria  of  the  cornea  of  ibe  kitten  and 
rabbit,  and  I  must  also  for  ibeie  maintain  that  the  fine 
nerve-fibriU  that  one  sees  in  ordinary  gold  specimenB  are 
not  the  finetit  and  last  fibrils.  Especially  easily  followed  are 
the  fine  nerve-fibrils  in  the  anterior  strata  of  the  substantia 

Sropiitti  where  they  form  what  we  considered  above  as  the 
eep  Bubbasilar  fibrils, and  which  have  been  very  beauiifnlly 
described  already  by  Iloyer.  But  also  in  the  deeper  sections 
of  the  substantia  propria  similar  tine  nerve-fibrils  can  be  met 
with.  Their  general  character  is  that  they  may  he  traced 
for  very  long  distances ;  that  they  possess  now  a  rectiUnear, 
then,  again,  a  %vavy  course ;  thai  they  keep  close  to  the 
corneal  corpuscles,  always  running  in  the  lymph-canalicuUr 
system,  as  was  already  known  to  v.  Keckliughauscn,  and  as 
wasTery  extent>ively  described  by  Lavdowski  and  Iloyer ;  that 
ihey  give  off  from  place  to  place  a  lateral  branchlet ;  that  in 
some  parts  they  are  seen  to  bend  off  suddenly  at  a  right 
angle,  either  after  a  long  rectilinear  or  curved  course,  or  at 
short  intervals:  further  it  will  be  noticed  that  tlu;y  continu- 
ally change  their  level,  now  passing  into  a  stratum  above  or 
below,  then  again  returning  into  tiieii  uriti       '     ~ 
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fiually.  that  they  auattomoM,  iu  a  hw  inftonoos,  with  iheh 
iie{ghbour». 

These  fibrils  differ  iit  ihieknees,  ami  th«y  all  oonUin  udmH 
or  Urge  vnricoAiitpa,mnre  or  lest  regularly  (liKpocrd.  I  innbi 
draw  ihv  attention  uf  thu  render  to  fig».  4  atid  4a,  and  5, 
in  which  tlie  nature  and  course  of  these  tibrce  is  drawn  verj 
accurately.  In  what  way  do  they  tertntitate  .'  As  i$  ww 
shown  in  the  figures,  after  having  given  off  one  or  mora 
branchvA,  they,  a«  well  as  their  branches,  ap[>ear  to  terminate 
freely  either  at  a  varicosity  or  beyond  it,  at  the  side  of  a 
curneal  corpuscle.  In  thii>  resi>ect  I  can  add  little  to  the 
description  given  by  Huyer  <ii'  theee  fibrils  trith  admirablt 
faithfulness. 

In  the  cornea  of  the  frog  these  fibrils  are  much  more  diffl* 
cult  to  trace,  since  their  great  nuntber  is  compressed  into  the 
poslcriur  Hirata  of  the  substantia  propria,  that  ii,  into  a  vmy 
limited  space.  For  this  reasuii  we  lind  that  HiiAt<lonioma 
between  neighbouring  tihrils  are  more  contmon  than  in  the 
cornea  of  the  r«bbit  and  kitten. 

I  possess  specimens  both  of  the  cornea  of  the  rabbit  and  kit  len^ 
and  also  of  that  of  the  frog,  wherein  I  find  places  in  which 
the«e  fibrils,  when  exftmined  with  a  high  power  (Zeiss'  F,  or, 
sliil  better,  oil  immersion  tV*''}/  S'^*'  off  ^'C')'  minute  short 
fibrils,  which  close  to  the  surface  of  the  body  of  the  corneal 
corpuscles  give  off  short,  exceedingly  tine,  dotted  fibrilf,  whiob 
them  twelves  arc  connected  into  a  network.  It  i^,  of  course, 
easily  understood,  that  in  many  inslancea  it  is  impossible  to 
distinguish  between  dots  that  are  contained  in  the  substance 
of  the  corneal  corpuscles  and  the  dots  that  mark  these  ter- 
minal fibrils;  but  in  certain  other  instances  this  ilisiinctioi 
is  possible,  viz.  in  those  instances  in  which  (he  conwiil 
pttsciez  and  tJieir processes  arc  stained  only  a  greyish  tint,  utki 
the  Hn-ee-Jibrih  and  their  earicosUies,  ow'my  to  the  comphi 
reduction  of  the  gold  sail,  possess  an  almost  black  colour. 

In  eome  specimens,  however,  we  find  also  nervc-flbri 
in  connection  with  the  processes  ofa  corneal  corpuscle,  such 
is  described  by  Most-ley,  Konigstein,  and  Izquierdo,  and  there 
seems  no  mistake  about  the  nerve-fibrils  being  ht-re  dircetl 
continuous  with  a  corneal  corpuscle.  But  let  us  for  a  momeol 
inquire,  What  ure  these  specimens?  As  is  known  lo  everybod 
who  has  examined  a  number  of  coruenc,  cither  prcpa 
after  the  simple  (CohnheimJ  uurlliod  el'  uhhiride  of  gold,  or, 
in  addition  to  this,  alter  using  various  reducing  iigencie^, 
such  as  oxalic  acid,  fijirmic  acid,  mcitivtitted  spirit,  or  simple 
heat,  hardly  a  single  cornea  is  obtained  in  whicli  the  sub- 
stantia propria  appears  throughout  of  the  same  tiuU 
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Bcint;  curu«e  ia  a  gieater  or  sniiOlvr  portion,  lh«  corneal  cor* 
plHclcs  and  ihcir  processes  arc  of  a  deep  rediltsh-purple  or 
rtddUli- black  colour,  while  in  others  the  corneal  corpuscles 
are  liarilly  ut  all  sittiiietl,  ur  only  of  a  li^ht  k^*))  uf  bluisli- 
gicy  colour.  The  same  liifferencc  may  occur  in  one  and  the 
same  cornea,  and,  of  course,  ne  then  fiitd  zonua  of  tmusitiou 
of  the  former  into  the  latter.  I:.ct  us  i&ke  a  cornea  ia 
which  the  corneal  corpuscles  and  thtir  processes  are  con- 
spicuously brought  out,  niid  well  aud  deeply  stained,  aud  let 
us  add  that  in  the  majority  of  the^^o  instances  al^o  the  fine 
nerves  are  well  stained,  i.  e.  of  the  same  deep  colour  as  the 
corpuscles  and  their  process^*.  Aud  let  us  bear  lu  mind 
that  the  nerve-fibres  are  situated  in  the  lymph-canalicular 
system  vrhich  also  contains  the  corneal  corpuscles  and  their' 
processes.  Let  us  further  bear  in  mind  that  these  nerve- 
fibrils  and  their  branchlets  run  out  close  to  the  corpuecles 
and  their  processes.  Under  these  circumstances  noboay  will, 
1  chink,  be  in  a  difficulty  to  explain  the  above-mentioned 
connection  of  the  nerve-fibrils  with  the  corneal  corpuscles. 
Supposing  in  the  preparations  represented  in  fig.  4,  i\,  5, 
and  6,  the  corneal  corpuscles  were  as  deeply  stained  and  of 
the  same  colour  as  the  neive-fibriU,  nobody  could  fail  to  find 
here  conneclions  bettreen  the  former  and  the  latter;  and, 
indeed,  in  the  very  same  specimens  from  which  these  draw- 
ings wore  made  there  arc  places  in  which,  owing  to  the  deep 
colouration  of  the  corneal  corpuscles  aud  their  processes,  the 
distinction  between  thcui  and  the  fine  nervc-nbres  is  lost, 
and,  therefore,  an  apparent  connection  bttwcen  them  is 
fonud  to  exi^t.  It  is  qiiiiu  dear  that  sucli  plnces  are  u&elces 
for  determining  the  relation  between  the  iiervc-fibril?  and 
the  corneal  corpuscles,  and  it  ia  to  me  inexplicable  how 
Izquierdo  omitted  to  bear  this  iu  miud,  since  lloyer  CI.  c, 
p.  ^1]  had  already  drawn  attention  to  the  great  importance 
of  having  specimens  in  which  the  corneal  corpuscles  and 
nerve-fibrils  arc  of  a  difi'erent  colouration.  Izquicrdo's 
drawings  (plate  i,  figs.  1,  2,  3,  and  4),  leave  no  doubt  that 
he  had  to  deal  with  specimens  in  which  the  corneal  cor- 
puscles and  their  processes  and  the  nerve'fibiils  were  very 
deeply  and  uniformly  stained.  For  this  reason,  then,  his 
assertion  about  the  direct  connection  of  the  processes  of  the 
corneal  corpuscles  with  the  fine  nerve-fibrils,  and  conse- 
quently also  Waldcycr's  summing  up  (I.  c.»  p.  378)  based 
v\>*m  it,  loses  the  value  iittrihuifd  to  it. 
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Histological  Notrs.    By  E.  Klein,  M.D.,  F.B^. 
L^CUiaUd  Epithelium  of  the  (Esophugma, 

E.  Neumann  (' Arcliiv  f.  niikr.  Anat./  vol.  xii,  p.  570] 
observed  on  tlie  surface  of  the  mucosa  cf  the  oesoplingus  of 
the  human  fustus,  betweLMt  the  eighteenth  and  thirty -seocnd 
neek,  ciliated  rulumnnr  upilheliuni.  This  did  not,  how- 
ever, form  a  continuous  lining,  since  in  manjr  jjlaces  the  epi- 
thelium was  stratified  pavt-ment  euithelium,  such  as  is  fouM 
in  the  new  horn  und  adult.  Kulliker  ('  Entwickeluiissge* 
Bchichtc,  d.  Menscheu,'  &c.,  1879,  vol.  li,  p.  853),  found  au* 
ciliated  columnar  epitlielium  iu  various  places  in  the  <EiO- 
plingus  of  the  human  fcrtus  between  fourteen  WMks  and  the 
sixth  inoulh. 

Mr.  Anderson  aud  Mr.  Kicketts,  students  at  St.  Bar- 
tholomew's Medical  School,  when  examininj^  sections  of 
the  cervical  portions  of  the  (Ikardencd)  oesophagus  of  a  nen* 
born  child — full  lime — found,  amongst  the  stratified  pave- 
ment epilheliiiui  of  the  ordinary  descri{ition,  jdaccs  wheit 
the  superficial  cells  were  not  flattened  but  columnai; 
underneath  these  uere  polyhedral  cells  in  two  or 
three  layers,  and  finally,  a  dee|)e9t  layer  of  columuii 
celle.  The  aupetficial  cells  were  either  without  or  with 
cilia ;  the  latter  were  short  aud  very  delicate.  The  ciliated 
cells  were  seen,  more  nr  less  continuous,  chicfiy  in  the 
i^ovrs  between  the  folds  of  the  mucoaa ;  iu  the  neighbour- 
hood of  these  there  were  generally  only  isolated  ciliated 
cells. 


II. — O'Wa  in  the  Central  Canal  of  the  Embryo  Chick. 

Kxamining  with  Mr.  Anderson  the  fresh  enibr|o  of  a 
chick  of  about  the  stage  figured  in  Kolliker's  'KntwickeU 
ungsgt'schichiu,'  p,  138,  us  uf  llic  end  uf  the  secoinl  day,  with 
acvenlPCu  protoverlebiie,  in  warm  Sitlinc  solution  and  from 
the  surface,  I  saw  in  the  whok<  extent  of  the  pro  to  vertebral 
the  central  canal  of  the  central  nervous  systum  lined  with 
very  beautiful  delicate  cilia;  their  length  was  about  half  that 
of  the  ccUa  lining  the  canal,  and  they  M-ere  in  very  active 
movement.  It  was,  in  fact,  this  movomeui.  by  which  their 
presence  made  iiself  conspicuous.  It  could  not  be  seen  in 
the  caudal  patt.  In  n  second  embryo  of  about  the  same 
early  stage,  observed  under  similar  conditions,  the  move- 
ment w!is  iieen  distiiicdy  in  the  cummencemeiil  uf  the  cer- 
vical region,  hut   was  soon  lost,  owing  to  the  wall  of  the 
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Ural  nervous  system  anproachiTig  too  dose  from  side  to 
sidoj  and  cousequently  the  central  canal  becomiDg  alto- 
gether lost.  And  this  state,  viz.  the  shuttiug-up  of  the 
central  canal,  forms  one  of  the  most  troublesome  impedi- 
ments  to  «ee  the  cilia  and  their  movement.  lu  embryos  of 
a  later  stage  ihe  examination  proves  unsucceisfu),  partly 
owing  to  (his  collapse  of  tlic  central  canal,  bnt  chiefly  to 
the  relative  opacity  of  the  tissue,  au  opacity  far  too  great  to 
allow  the  very  delicate  cilia  to  be  perceived.  In  embryos  of 
an  earlier  period,  such  as  possess  only  about  6 — 10  proto- 
vertebne,  I  could  not  detect  either  the  ciliary  movement  or 
the  cilia  iheniselvcs,  although  in  several  instances  the 
central  caual  had  not  coUnpecd. 

lu  the  central  canal  of  the  earlier  embryos,  as  well  as  in 
those  of  the  later  ones,  there  were  always  to  be  met  with  a 
few  ftpheiical  or  oval,  coarsely  granular,  and  therefore 
opaque,  corpuscles,  cither  isolated  or  two  or  three  together  ; 
they  varied  in  size,  and  a  nucleus  could  not  be  seen  in 
them. 

In  transverse  sections  through  the  above  burdened  embryos 
nothing  of  the  cilia  could  bo  seen,  but  this  will  not  surprise 
since  the  cilia  of  less  delicate  structures  are  lost  during 
hardening ;  one  of  the  best  known  examples  is  the  mucous 
membtane  of  the  human  uterus,  and  of  that  of  mammals. 

HI. — The  Giatidi  of  the  Nasal  Cucity  of  the  Guinea-pig. 

As  is  now  well  known,  the  glands  occurring  in  the  mucous 
membrane  of  the  nasal  cavity  are  mucous  and  serous  glands 
(Heidcuhain).  The  latter  form,  in  the  thick  portions  of  the 
non-olfactory  Schncidorian  membrane,  huge  masses,  in  which 
the  alveoli— convoluted  tubus,  with  lateral  and  terminal 
shorter  and  longer  brnnehes — are  grouped  into  lobules, 
separated,  as  in  other  cascs^  by  vascular  connective-tissue 
septa. 

The  alveoli  of  the  mucous  glands  present  thcffiselvea 
in  two  different  forms :  either  small,  with  a  small  lumen  and 
lined  with  polyhedral  or  short  columnar  cells,  each  with  a 
spherical  nucleus;  or  large,  with  a  larRc  lumen,  and  lined 
with  columnar  cells  of  the  nature  and  aspect  of  mucous 
cells.  There  ajre  alveoli  in  which  the  two  kinds  of  cells  occur 
side  by  side.  Thus,  they  resemble  the  mucous  glanrls  of  the 
larynx  known  through  iTeidi-nhain,  Tarchelti,  myself,  and 
uthers.  The  ducts  are  lined  with  a  single  layer  of  thin 
columnar  cells,  as  in  other  nnicous  glands.  At  the  coin- 
meucement  of  tlie  nasal   mucous  membrAoej  t. «.  near  the 
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external  opening,  w]ien»  the  epithelium  of  the  suriuc  u 
stratiftud  pavement  epithoUum,  with  n  vupeifirial  strmtaa 
like  the  stratum  comeum  of  the  epidermic,  alito  the  mouth 
of  the  duct  of  ihc  mucous  gland  receives  a  continuation  rf 
this  UUec  f^traluiu.  Like  the  epidermis  it  stains  dark 
iu  osmic  acid. 

Thv  intralobular  ducts  of  the  serous  glands  are  idea- 
ticnl  with  tho  saLirary  tubes  of  Ptliiger,  viz.  ther  art 
lined  vriih  a  layer  of  coluoitiar  cells,  the  outer  portion  of 
which  is  distinctly  longitudinally  striated.  The  intralobulsr 
ducts  ultimately  branch  into  several  shorter  or  lonjjcr  tubes, 
which  are  very  narrow  and  lined  with  a  layer  of  flntteiicd 
cells,  and  they  are  therefore  identical  vrith  tlic  intermedisie 
portions  of  the  ducts  lu  the  salirary  glands  and  Ux 
pnncreaa. 

The  epithelial  cells  lining  the  alveoli  are  columtiRr,  ud 
preseut  themselves  in  two  diBetent  acpects  according  lo  tin 
state  of  secretion.  In  one  aspect,  viz.  during  seeretiun,  the; 
are  more  transparent,  thicker,  and  appear  therefore  letl 
columnar.  Their  nucleus  is  spherical  or  only  slightiy  flat- 
tened, and  pressed  against  the  mcmbrana  propria.  In  tht 
other  state  they  are  less  trnnspnrcut,  tliinnei',  more  columnar) 
and  their  nucleus  is  fphcrical^  and  nut  quite  so  close  lo  tlie 
meiiibrana  propria;  but  in  both  conditions  the  cell  saV 
stance  is  u  reticulum,  more  distinctly  so,  on  account  of  the 
greater  size  of  its  meshes,  in  the  former  than  in  the  latter. 

There  exists,  consequently,  also  in  this  respect  a  complsts 
an»logy  between  these  and  other  serous  glands. 

In  those  parts  where  the  mucosa  is  of  great  thickness, 
covered  with  ciliated  columnar  epithelium,  nnd  contatoiog 
a  mailer  or  larger  amount  of  diffuse  adenoid  tissue,  thes«  gland* 
form  also  larger  groups,  situnted  in  the  deep  suhmueoDf 
section. 

In  prcparationa  that  had  becu  piepared,  wheu  per* 
fectly  fresh,  with  a  miicturc  of  chromic  acid  and  osmic  acid, 
according  to  the  method  of  Flesch  (*■  Arch.  f.  mikr.  Atiat.,, 
Bd.  xvi,  p,  309),  the  alveoli  of  the  serous  glands,  cspcoiatly 
thcs  I  ueurest  to  tlie  surface,  appear  much  Inrgcr,  their  cells 
htin>f  Idistcndcd  hy  the  presence  of  smaller  or  larger  fat* 
globutei<,  isolated  or  in  groups;  consei|ueuLiy  there  exists, in 
ttiis  rcsiivcl,  H  (xTtain  resemblance  of  these  glands  and  the 
■pbaccons  and  Mcihomian  glands.  From  this  it  np{>ear8,  then, 
probable  thnt  the  secretion  of  them  is  not  precisely  the  aano 
as  in -the  other  serous  glands,  c.jy.  those  at  the  root  of  the 
tongue  or  the  salivary  glands. 

In  the  Interlobular  connective  tissue  isolated  lymph*oor- 
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PS  may  b«  met  with,  siniiUt  to  wbai  has  been  nociceil 
y  Boll  and  Lavdowsky  in  tb«  smliTmry  gUods. 
Fioc  threads,  some  with  Dadeit  •one  witliout,  c«n  be 
traced  in  coonection  anpaieutly  with  the  cells  of  the  intn- 
lobuLar  ducts  and  with  thoae  of  the  mlreoU.  But  whether 
tbe^  are  nerre-fibrea,  u  seems  |vob«hle,  or  not, could  not  be 
definitely  ofictrt&ined. 

An  interestiDg  fact,  obserred  here  in  connection  with  the 
large  serous  glaod,  is  the  presence  of  ihtu,  unstiiped  muscle 
cells  nmiUDg  in  all  directions^  and  forming  a  plexus,  in 
vhose  meshes  the  gland-alTeoU  arc  aituatcd.  In  some 
'.places,  «.  g.  the  concbse,  there  exists  bete  also  a  plexus  of 
ilargc  vcinr,  and  the  above  muscle-bundles  form  the  stroma, 
\%s.  it  -were,  for  them,  and  thus  a  certain  resemblance  with  a 
cavernous  tissue  is  produced.  This  muscular  tissue  is,  no 
doubt,  of  some  service  for  the  discbarge  of  (be  secretion, 
eing  their  peculiar  intimate  relation  to  the  gland -alreoli. 
Uie  relatively  rigid  walls  of  the  nasal  cavity  such  inter- 
iitial  muscle-tissue  must  be  of  special  value  to  tbe  glands. 


REVIEWS. 


Atlas  of  Bistohgi/.  By  E.  Klein,  M.D.,  F.R.S.,  and  1. 
NouLE  Smith,  L.R.C.P..  M.B.C.S.  Smith.  Elder  & 
Co.,  Ifi,  Waterloo  Place. 

We  have  great  pleasure  in  drawing  attention  to  this  veij 
handsome  work,  which  is  certainly  the  most  ricblv  illustrated 
treatise  on  Histology  which  has  ever  hecn  published,  h 
occurred  to  Dr.  Klein  that  by  means  of  the  colour-pTintio|, 
which  has  now  been  brought  to  so  high  a  condition  of 
P^rfectiou,  it  would  he  possible  to  produce  illustrations  trhich 
should  be  pmctically  fac-nimiles  of  the  delicately  stained 
sections  which  histological  students  make  use  of  for  demon* 
atration  and  investigation.  Accordingly  Mr.  Noble  Smilli 
has  executed  drawings  fiom  the  choicest  preparations  mide 
by  l>r.  Klein,  which  in  colour  and  form  present  to  the  eye 
precisely  the  same  effect  as  the  preparations  themselves  when 
accurately  focussed. 

The  text  accompanying  the  drBwings  is  bv  no  meant  > 
mere  explanation  of  the  latter,  but  forms  an  original  treatise 
on  Histology,  in  which  Dr.  Klein's  views  are  Nearly  staled 
in  reference  to  many  debatable  questions.  The  medical 
student  will  also  Hnd  iu  this  work  a  surer  guide  to  the 
knowledge  of  modem  Histology  than  in  the  older  books, 
even  those  of  high  authority  and  reputation,  which,  oa 
account  of  their  antiquity,  are  too  often  marred  by  erroneous 
theory  and  insniliciency  of  observation. 


JFi^eshfoaier  Rhtsopfxis  of  North  America.  By  JosefH 
Leidy,  M.D.,  Professor  of  Anatomy  iu  the  University  of 
Pennsylvania,  and  of  Natural  History  in  Swartlimore 
College,  Pennsylvania. 

It  13,  |ierbaps,  somewhat  astonishing  that  a  treatise  on 
living  microscopic  organisms  should  bo  published,  as  this 
work   isj   under    the    auspices   of    the    "  Geological   and 
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GcwtaphicRl  Survey  of  the  United  States  Territories." 
At  toe  enine  time,  the  authorities  can  only  be  coDgratulaied 
on  the  wise  Hberftliiy  which  has  led  them  to  undertake  tha 
production  of  so  valuable  a  work.  We  have  here  figured 
and  described  by  Dr.  Leidy>  in  the  most  ample  manner,  a 
large  «eries  of  those  freshwater  forms  which  Mr.  Archer,  of 
Dublin,  was  the  first  to  detect,  and  to  study  in  a  special 
manner.  Pocke,  Franz  Schuize,  Lesser,  Hertwig,  and  Dr. 
Lcidy,  have  added  to  and  expanded  the  rich  store,  which 
vme  first  tapped  and  offered  to  the  zoological  connoisseur  in 
the  pages  of  this  Joumiil.  To  the  old  and  well-known 
;jenera  of  freshwater  Khizopods — Amoeba>  Gromia,  Arcella, 
Difflugia,  Actinophrys — a  host  of  remarkable  allies  have 
now  been  added.  In  the  present  fine  monograph  Dr.  Leidy 
describes  many  already  known  genera  and  species  which  he 
has  detected  on  the  North  American  continent,  but  he  also 
describes  several  new  and  very  intercstinj;  forms,  e.g.  Din- 
amffiba,  Ouramffibn,  and  Biomyxa.  The  volume  is  illustrated 
bj  forty-eight  quarto  plates,  and  mu«t  be  carefully  studied 
[bV  every  student  of  Khizopoii  fauntc.  We  should  have  been 
glad  bad  it  come  into  the  plan  of  Dr.  Leidy's  studies  to 
devote  more  attention  to  the  determination  of  minnte 
structure  as  revealed  by  powers  higher  than  one  of  ii50 
diamcteit. 


A   History  of  the  British   Marine  Polyzoa.     By  Thomas 
HiNCKs,  B.A.,  F.R.S.     Van  Voorst,  Loudon. 

The  well-known  and  highly  valued  series  of  works  on 
Natural  History,  published  by  Mc.  Van  Voorst,  is  worthily 
extended  by  the  two  admirable  volumes,  one  of  text,  one  of 
plates,  treating  of  the  Britisli  Polyzoa,  by  the  Rev.  T. 
Hincks.  In  an  introduction  of  a  liundred  and  forty  pages, 
illustrated  with  numerous  cuts,  the  comparative  anatomy 
and  general  morphology  of  the  Polyzoa  are  very  fully  and 
clearly  discussed — the  most  recent  investigations — French, 
German,  and  Swedish,  all  receiving  due  notice.  In  the 
systematic  part  which  follows  the  groups  of  Polyroa  are 
taken  up  one  by  one  and  systematicalty  characterised,  until 
the  whole  hierarchy,  down  to  families,  genera,  species,  and 
varieties,  is  exhausted.  The  characteristics  of  species,  as 
well  as  of  genera,  and  even  of  suborders,  are  necessarily 
chiefly,  if  not  entirely,  drawn  from  the  structure  of  the  hard 
parts,  These  are  very  extensively  and  beautifully  £giircd 
io  the  atlas,  so  that  by  the  aid  of  this  work  the  student  of 
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marine  zoology  will  have  no  difficultj  in  referring  sneli 
Polyzoa  as  he  may  dredge  on  the  British  coast  to  their 
proper  titles.  Naturalists  are  already  deeply  indebted  to 
Mr.  Hincks  for  his  beautiful  volumes  (in  the  same  aeries) 
on  the  British  Hydroid  Polyps.  In  the  present  work  he 
has  dealt  in  a  masterly  way  with  a  still  more  difficult  s;roup. 
We  hope  that  other  similar  works  may  ere  long  be  added  to 
Mr.  Van  Voorst's  celebrated  series. 


» 


» 


Medntn  and  Hydroid  Polyp>  IJTing  in  Fresh  Water.— From, 
c-xpmmcnta  made  by  Mr.  Uomanes  on  Limnocodium,  and 
pu'blUhed  in  '  Nature  '  of  June  ^th  it  appears  that  the  freih^' 
water  Medusa  is  verj  intolerant  of  sea  water.  It  cannot  be 
re -introduced  with  impunity  to  the  medium  in  which  Its 
ancKigtors  originally  lired,  and  this  would  ««em  to  imply  that 
a  very  greatlength  of  time  has  elapsed  eince  the  adaptation 
to  freah  water  took  place.  Curiously  enough,  Mr.  Romanes 
has  found  that  marine  ^Ledu>-s  are  not  so  injuriously  afTected 
by  brine  as  the  Limnocotlium  is  by  sea  water.  The  fnut, 
however,  is  less  astonishing  when  we  remember  that  the 
percentage  of  saline  matter  in  solution  in  sea  water  is  many 
hundred  limes  what  it  is  in  average  pond  water,  whilst 
the  strongest  brine  has  not  a  percentagfi  of  saline  matter 
many  times  in  excess  of  thai  of  sea  water. 

On  the  whole  the  tolerance  by  marine  animals  of  fresh 
water  is  a  much  more  frequently  observed  fact  in  all  classes 
tlinn  the  tolerance  of  sea  water  by  lacustrine  dr  Huviatile 
forms.  It  is  undeniable  that  existing  fresh  water  forms  have 
been  developed  by  adaptation  from  marine  forms,  whilst  it  is 
difficult  to  cite  any  instance  iu  which  ailaptatiou  in  the 
opposite  direction  appears  to  have  taken  place;  some  few 
marine  Oligochsetous  Chietopods  and  Pulmonale  Gastero- 
poda being  jKrhaps  auch  instances. 

The  tolerance  by  Medusae  belonging  to  marine  species  of 
fresh -water  under  natural  conditions  was  observed  by  Mr. 
Moeeley,  at  Browera  Creek,  in  New  South  Wales,  and  from 
Professor  Alexander  Agassiz  I  have  received  some  interest- 
iuff  notes  recording  similar  observations. 

ilr.  Moseleysays  ('Naturalist  on  the  Challenger/  p.  273), 
"  After  heavy  rain  the  surface  water  in  all  the  upper  parts 
of  the  creek  is  so  diluted  by  the  torrent  of  fresh  water  from 
the  stream,  that  it  becomes  almost  freEh  ;  indeed,  at  the  time 
of  our  visit,  it  was  for  three  or  four  miles  down  so  little 
brackish  as  to  be  drinkable.    At  a  short  depth  no  doubt  the 
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water  was  itilt.  Here  ire  the  most  favornble  conditioM 
possible  for  turning  mnriiio  nii)mAl«  into  fresh  water  animftb; 
lit  fact,  the  change  of  mode  of  life  presents  no  difficultj- 
Below  no  doubt  the  water  is  always  salt,  but  the  fish  find  t 
fluid  less  and  less  salt  as  they  rise  to  the  surface.  We 
caught  the  mullets  in  the  alraosl  fresh  water  with  a  net,  and 
with  them  the  mussels  and  rrahs.  I  even  saw  an  ahnnrtanee 
of  Medusa-,  and  a  species  of  Rhizophora  swimming  in  the 
creek  ahove  the  Haiid-flals,  where  there  was  scarcely  any 
salt  at  all  in  the  water,  yet  evidently  in  most  perfect 
health." 

Professor  Ai^assiz  writes,  "  It  strikes  me  as  if  the  conte* 
queneca  resulting  from  the  finding  of  this  freshwater  Mednss 
had  been  somewhat  overdrawn.  In  the  first  place,  we  hnvf 
two  genuine  freshwater  Ilydroids,  Hydra  aud  Cordrlophon, 
and  in  the  second  place,  as  far  ns  my  experience  goes,  it  is 
not  conclusive  of  so  fatal  an  action  of  fresh  water  on  Medu«» 
a«  Komanes  wnuld  lead  us  to  believe  in.  We  have  quit«  an 
estuary  leading  out  hack  of  Boston  Harbour,  extending  on 
the  one  side  to  form  what  we  call  the  back  hay,  and  beyond 
this  up  the  Charles  Riveras  far  a?  Watertown,  where  there  is 
a  dam,  about  Eevcii  miles  from  the  inner  extremity  of  the 
harbour  proper.  Here  the  Chftrles  River  falls  into  tbii 
estuary  as  a  freshwater  stream  sufficiently  Urge  nt  times  to 
alTect  the  siihncss  of  the  estuary  below  it  at  low  tide,  so 
that  at  Cambridge,  half  way  frons  Watertown  to  Boston,  the 
water  is  sail  only  at  the  highest  tirles,  quite  bTacki&h  during 
the  firi-t  half  of  the  ebb,  and  comparatively  fresh  during  the 
last  part  of  the  tide,  .^t  W.  Boston  Bridge,  about  one  mile 
from  the  head  of  the  harbour,  the  water  at  the  last  fwrt  e( 
the  tide  is  fresh  enough  and  lastes  but  little  salt.  At  this 
bridge  there  is  an  abunrlance  of  Hydroids  which  thrin 
remarkably  well  on  the  drainage  of  the  district,  and  grow  to  an 
nnuRually  large  size.  The  species  found  there  which  has  no 
free  Medusa  ia  Laomedea  giganiea.  While  of  the  Hydroids 
which  have  free  Meduste  we  find  Eucopf  diaphatui,  Eucoyt 
pyrifonnig,  and  Ohelia  commisruraiis.  All  these  species  are, 
therefore,  twice  during  twenty-four  hours  exposed  to  sail 
water  and  to  nearly  fresh  water,  and  thrive  remarkably  well 
under  the  treatment,  as  must  of  course  their  free  Meduss, 
which  I  liBve  cauglit  both  at  high  tide  and  low  water — ^in 
salt  and  in  nearly  fresh  water. 

"Other  of  our  Mediisie  also  find  their  way  into  this 
estuary,  and  I  have  found  in  fresh  water  at  low  fide  active 
Saraiie,  Tiaropsis,  and  also  Aurclia?,  which  seemed  unaf- 
fected by  the  large  quantity  of  fresh  water  in  which  they 
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were  fqund.  Cyaiiea  I  hare  never  seea  in  this  ectuaiy 
except  at  high  liJc  1  may  mctuioii  that  the  scjfphostoma 
nnd  strobila  of  Aurelia  is  found  with  the  aboTe^mentioned 
U;^droids  attached  to  the  piles  of  W.  Boston  Bridge ;  but 
the  Rcyphoslomn  of  Cyanea  I  have  never  found.'' — E.  Rat 
Lanke&ter. 

On  tbe  Reapiration  of  the  Crostacea. — In  the  note  pub- 
lished in  the  April  number  of  this  Journal,  a  prediction  was 
hazarded  that  tlic  Zoea  larva  of  the  higher  Crustacea  would 
OD  •xatninatiou  prove  to  breathe  in  the  same  way  as  the 
Copepoda.  Zocas  of  Cancer,  and  probably  of  some  species 
of  Prawn,  received  frora  Mr.  T.  Bolton,  have  confirmed  this 
amply.  The  respiratory  diastole  and  systole  of  the  rectum 
witti  rhythmical  openings  of  the  anus  are  thoroughly  well 
marked,  ll  may  here  be  noted  that  iu  carmine  stainings  of 
the  entire  Copepoda  the  stain  does  not  diffuse  through  the 
integument,  but  up  through  (he  rectum  in  the  first  instance. 
The  power  of  dialysis  through  the  chitinised  integument  is 
slight  if  at  all  exislent.  Now  that  another  place  is  found 
for  the  respiratory  function,  it  may  be  denied  to  the 
expanded  plpura  of  the  carapace. 

This  constancy  of  function  in  the  anus  is  remarkable,  and 
indicates  that  the  gills  which  chanicterise  so  many  of  the 
higher  Crustacea  are  secondary  formations,  long  posterior  to 
the  differentiation  of  the  clusti.  What,  then,  is  their  origin  ? 
Probably  they  are  in  all  cases  modifications  of  those  pro- 
cesses of  the  appendages  which  primitively  bring  ftbout 
nutritive  currents.  In  Daphnia  we  have  the  stage  whero 
these  processes  are  the  exclusive  food  briiigers,  while  they 
share  respiratory  functions  with  the  rhythmically  contrac- 
tile rectum.  And  as  a  parallel  to  the  direction  of  the  bran- 
chial current  from  behind  forwards  in  the  ('ruatacea,  we 
may  cite  the  Lam elli bran chs,  where  the  gills,  probably  in 
origin  also  parts  of  the  locomotive  apparatus  (according 
to  Lankester  B  view)  play  an  eqiml  part  in  nutrition  and 
hecmatosis.  To  explain  body  gills  we  have  to  invoke  either 
the  principle  of  the  similar  modification  of  neighbouring 
parts,  or  else  that  of  displacement  upwards  from  the  appen- 
dages. As  far  as  I  know,  for  there  are  none  of  the  memoirs 
on  this  subject  within  reach,  the  development  of  the  body* 
gills  of  the  crayfish,  which  might  give  a  clue,  has  not  been 
worked  out. — Mahcus  Hartoo. 
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EXPLANATION  OF  PLATES  I,  II,  &.  TIT, 

■Illustrating  Mr.  II.  Marshall  Wiird's  Pnper  on   tlie  "  Etn- 
hryo  Sac  and  Dcrelupmeut  of  Gymnadenia  conepsea." 

'  K.  B.^EicepI  wlien  otlien»i»e  staled,  the  figures  are  Sfcnerallj  from  sections 
in  absolute  alcubol  and  gljccritic,  examined  under  Zeiss'^  b',  oc.  2  uud  3. 

PLATE  I. 

yi6.  1. — Ontiral  loncitiiJinAl  section  of  young  ovile,  showinu  enibryo- 
ini>ther^:cll,  and  axial  row  nt  similftr  cells.    Tlii»  apccinni;!)  and  the  next 
were  examioed  in  the  Utrn'ti  slate  villi  tritcea  of  amniQiiic  hydrate. 

Km.  9. — Similar  aection  of  tiliglilljr  oldrr  nvu1r,  nf  wliicli  tlic  intrf^tncat 
is  inorf!  sdTanccd,  aiid  tlic  cun-aturo  mure  decided  ;  tLc  ^raDular  coutcnta 
of  cmWto-sic  moll>*r-(«il  rt»itl  alkalis  more  tliaii  do  tlie  others. 

Fic.  3  ^Actual  section  tliroiidi  older  ovnh  seen  from  before.  The 
eeeoiid  int«f;uineiit  is  well  eit^tbristicd,  nud  friliowing  on  the  ^rst.  The 
embryn-MC  mother-eell  h(is  liad  one  "cup-cell"  cut  ofl,  and  a  second 
djviiion  is  taking  place  to  fonn  ihe  other. 

Figs.  ♦,  5,  and  0.— LoBpitintinal  cccliou  lliroMpIi  ilir  euibryoxac.  It  is 
suTinounted  by  two  "{vtp  ceils."  «iiich,  tngeUicr  wilJi  liid  tci rrouiidiiig 
lan-r  of  Ducltu&.cells,  are  (;radunli>  cnmpresBcd  by  the  i-nUrging  sao, 
(1-ig.  a  is  lomcvtbat  obllqiie,  but  .sull  ttbovs  cella  of  tlif  axial  row.) 

Fio.  7. — Sinilar  acelion.  Two  luige  tiuulei  in  llie  uiiibrju-Hflc  have 
reaolted  from  divi»ion.  Note  Iracca  of  cap-cells,  and  orcclle  ol  ihe  uiidi-ua 
of  I  lie  oriile  around. 

Fics.  B,  S,  and  10.— Similar  prcparEtlori ;  sliovtnK  divisions  of  tlie  tmi 
niic'ki  of  Fig.  7.  Treated  (nlcoliol  ii|>ecinietiA)  nilh  strong  acetic  acid  nud 
fucLaine. 

Fio.  II.— Similar  section,  allowing  division  of  opper  oucleua.  Two 
nucleoli  in  each  half.     Tlic  srctiou  is  slifihlly  oblique. 

Fia.  12.— Similar  section.  The  tKoniidei  at  carhnid.  and  fixed  in  tlie  act 
of  dividing  in  plniLei  crossinR  nt  njjbt  sni^lcs;  n  larRC  vacuole  nceiipjea  iJic 
centre  i)(  ibe  sac.  Rcaiains  of  tlie  cap-cells  as  a  refraotive  in&»a  under  Hie 
BiicropiLc 

FiG.  13.— Ixmpilndinal  wrelion  tliTouph  tlic ovule.  TJicre are  ftmr  naked 
miLHsen  ol  nroloplasin  at  each  ctid  of  the  sftc.  Note  trncca  of  cap-  and 
iiiicicus-ccUa  aiouitd.  (Alculiol  specimen  trtaled  villi  acetic  acid  and 
fucliaioe.) 

Fis.  U. — Th«  masses  of  protoplasm  liav^  arranf^rcl  themselves  in  the 
upper  part  of  the  sac  aa  an  "(iKR-apiinratiis,"  oon.Mstioj^  of  two  bolster- 
»liuied  "ajiicrcidip"  supporting  an  "oospbrre"  (jjcriniiinl  or  cjiibryonio 
Tniole),  and  a  free  nuclcua,  near  which  is  a  second. 


PLATE  II. 

riu.  ISftnd  16.— Longitviliiul  trcLionBtliroatiheinbr^o-Mc. dtovli^cte 
"eg|t-KppMntu>"  atiuvet  f^ni  *  free  uticleu*  below,  wlncb  1»»  lnf«M 
down  towftrdit  tlie  "uttipodftL "  mus. 

Fm.  17- — Ijnni^adina]  tMtiou  thnuRb  ft  whole  omk  itTiri»)f  fartiliMlii 
A  polleo  tube  hu  penclntUtl  the  mirmpiilr,  and  tprfotl  iU  and  on  U* 
"■jTMr^dir,"  below  awl  to  ths  mHf  of  which  is  tnp  "e^  mil ;"  at  lit 
opposite  end  of  embr;o-«ac  nn  the  "  aultpodal "  ocUs  iBi{>erfecLl;  dnvbd 
Bud  abuttinf;  on  tb««c  ttiR  vuKlenag  nuclfun  from  atwre. 

Fia.  17A.~&iaiilBr  prepantion  with  egg-eell  jut  fertiliMd. 

Fio.  19. — ^Th« firetdirtsionocrMs the ferUliMd  "flfg cell"  iaoonptatsd; 
rcmaiDft  nf  egg  appBffttus  ud  ckp-celLi  fere  *ee*  ftboie,  and  of  "  antifodak** 
bcio*  in  the  »ae. 

I'lo.  19. — A  diviaton  appeam  mckai  ewh  of  the  two  celh  in  Fig.  M; 
that  in  the  upper  »11  ia  nol  rompletcd.  Traces  uf  cap-oclU  utd  eg  aii^ 
ntua  above,  and  of  anliiiodal  cell*  below,  aa  before. 

Fin,  30. — The  emhrjo  now  ooatiats  of  four  mJIs — a  "  SBsponoe **  of 
two  cclh  separated  fa;  awollen  walla,  ud  no  embrjn  proper  of  tvo  npcr> 
potcd  cells,  of  whioli  each  nudena  ooutains  two  ouoleolt. 

Kins.  91,  S2,  and  211. — Ktnhrjoa  a  liltJc  mure  itdvlutwd.  The  cDrthno 
proper  bcoomiiii;  divided  by  TerticaJ  walls  al  ripbt  uiglea,  Domes  lo  cm- 
aist  ol*  tlirrc  Crilt ;  the  lowc(i))o»t  id  fig.  83  n  diriding. 

Fio.  21. — The  embrjo  nropcr  cmsitts  of  four  edla,  aad  U»e  tefl  huJ 

lower  iiudtus  lias  two  uuciailt;  the  stiqiejuor  cuuaisUo^  of  two  cells,  is  is 
the  act  o(  forming  a  bip&rlitioii  across  its  upper  cells. 

Fi8.  25. — The  embrjo  proper  has  four  cpIIs,  tlie  suiipensof  fire.  Vs. 
cuoles  arc  appearing  la  the  cells  of  the  latter. 

Fi«.  iCt, — Tim  embryo  pm>)>«r  cotJMntN  of  eif^ht  cells,  and  the  suspcuM' 
of  four.     TrafwB  of  "  antipodal  "  otaaa  sliU  cridcnr. 

FtG.  9f^A. — TraasTerse  EecUon  of  embryo  at  this  atage. 

Fi».  97- — Tlie  fius|)eMOT  ]xi«>es)m  tlirce  cdin,  of  which  the  middle  ons 
has  jusl  divided,  but  the  nurlei  arc  not  Tet  completely  separated. 

Fit;.  3S,— A  slighlly  older  msge  than  Die  last.  Each  of  the  foursns- 
p«n.<tor  cf\ii  has  bccomu  doubled  -  vocuolosare  appeariug,  and  the  ceU-wana 
are  s  wo  lieu. 

PLATE  in. 

Fio.  99. — ^Tlie  sntpeiisor  cell)  are  eloagatinf;:,  lap  cavities  beeoming 
eslnhlishcd  within.  The  embrjio  proper  still  pre^ncs  twelre  cells,  bat 
waiild  soon  oonBist  of  sixleeu,  as  dirisioii  appeared  iu  it«  lower  eells. 

Fie.  iO. — Bj  intercalary  ^owLh  the  suscicnsor  Iss  pushed  its  ^>ex 
through  tho  micnipylc ;  one  more  division  hiu  oocnrrrcl  alKive,  but  tha 
limtL  in  approHcliiiiK,  and  theexhsusled  cells  are  ncftuirini;  Inri^r  sap  pOTities- 
A  ijcrics  of  tan^uttal  divisi'nnB  bos  marked  out  an  epidermal  layer  to  the 
embryo  proper  (optical  sec  cleared  with  KlIO). 

Fio,  SI.— Similar  scotin»  of  ohW  rmbryo  iiimiiarly  treated;  a  Hoood 
serici  of  tantrential  divisiona  liaa  appparfd  more  interoiilW,  and  the  "sua* 
pchsor "  is  siiriveliiiig  wp,  Ibe  proloplstm  of  il»  cells  disappiiaring. 

Fid.  SS. — Esterual  view  of  ripe  seed  torn  from  ruDiettlui.  Lt!>s  magnt- 
fiod  than  rest. 
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BXPLANATION  OF  PLATE  IV, 

IllustratiDg  the  notice  of  Elfving's  rCKcarchos  on  "  Polleo- 
bodtea  of  the  Angiospcrms.'* 

HA.  AMtkrriewm  rmmofam. 

1.— ToMiff  PftUen-body  after  diraion.     x  300. 
3— 4.— DerdopBeat  of  the  TCgctaUve  eeU.     x  SOO. 
5. — MebuiMrpbaua  of  tbe  nudeiu  of  Ibc  Urn  cell.     X  300. 
6.-Ripe  Pollen-body,     x  SOO. 
7— iJrwwbcd  tube,     x  230. 

8. — Kipe  Follen-bodf,  one  nucleut  slir -shaped,     x  300, 
I  Tuhjki  GaiKriamt.      X  330. 

I     9—11. — DcTelopraeDt  of  tti«  Pollen-body  from  fonntticwi  of  Tegeiitiv* 
loell  to  being  fully  ripe. 
T      IS.— VcgeUtirr  cdli  pressed  out. 
IS. — Ouplicature  of  vegetnliTC  oelL 
14.— Poiot  of  the  Pollen-tube. 

OnUJnffalum  pframiiiaU.      K  450. 
IK.— TegieUtiTc  Cell  with  thick  side  walls. 
16, 17.— Kipe  Polien-lKKlica. 
I$- — rrN«ed>oBt  TcgctaiiTc  cella ;  at  0  treated  with  osnuo  aoitl. 

l^uctjuai  trilieum.     x  400. 
19. — YooDg  Polleo-twdj  aller  divUioii. 
SO.— The  Mine  after  treittnirnt  wiih  osmic  acid. 
31. — The  vcRclslive  cell  loowned  ;  at  o  witli  osmJc  acid. 
S2,  23. — Hipc  Pollen -iKidies  ;  0,  a  Tf^ctnli^c  cell  with  oamic  acid. 
34. — Pmacd-out  nucleus  and  Tentative  cell ;  o&niic  acid. 
S5. — PoUcD-lube.     Nuclei  after  one  niioUier. 
A'urrciinu  foefiCMt. 
S(r.— Sntcriug  of  tbe  nucld  into  llie  tube. 
i7. — Tli«  posterior  ducIcus  divided. 

Iru  tibtriea.     x  350. 
S8,  S9.— Cnisbed>out  Polleo-bodtOi  in  2S  llic  walla  of  tlie  vo^tatiro 
nil  ore  aceo,  in  iiU  tlit  whole  cell. 

Irii  JipAium.      X  300. 
^0. — Tube  end.    The  nucluus  at  the  Urget  call  la  ehancterUtieallj 
Icnglhcoed  out. 

Tradttrantui  tir^inica.     x  300. 
SI.— TounE  PoUcn-borfj  aflrr  di»»ion. 
SS — 37. — Dovelopmeiit  of  Lhc  bodiet  up  to  ripeuen. 

Chnpallaria  mmUi/cra. 
SS. — FonoaLton  of  two  vegetative  cells,     x  350. 
»9.-[lipe  Pwlkn-lKHly.     X  4()0. 

Jipuragtu  offiriwlu. 
40.— Atmngeinciit  of  the  Tentative  eelL     x  600. 


P1-\TE  IV— G.*/.»w/ 

flO.  Sparfftmimm  mmctum.      X  4S0. 

41.4-3. — A-irancnueui  mid  titti  fortimtion  of  lln-  Ti-jjelmtitc  cttl. 

iS,  44. — CfMBlted-Dtir  Pflllcu-bodJea  showing  lli«  nieUmorpboMi  of  Ikv 
TSjteUlive  nueUi. 

43->4^.— I'ollrn-lubes.  4S.  The  rcfreUtifB  oi>el«»  in  Uw  Mt  of 
iliTidinK.  46,  The  «e){eUUfe  niKlrin  liu  hom  Krai,  aw)  bu  in  47  divi<inL 
4S.  Tlie  TCgeUtive  uuelttu  hks  mnsined  undUUrbed. 

49 — 63.— DcvcloFimeni  of  tbe  Pollcn-botiics  from  tlie  flrat  ippearKnecof 
tbe  vt^UiUve  edi  until  niAturilj. 

JndropotfOK  compnnut.      X  400. 
S4. — Pollcn^bmly  Aflcr  diTibioit.     6s.  S<Knie  scm  at  in  ancte  of  00°. 
66. — Tlie  *P({*'"'""'  Po"  «ii'ii*W,      5".  S.-inic  »crn  from  llic  »idc. 
&S  —  FolleD-bcrd;  wiih  tlirn  Tegetative  rclla.     AD.  Tbe  sumc  eom  at  an 
wiltta  of  !)1)°. 
60. — Bolli  Tegctbtiffi  celU  become  free. 

liromut  erefiut.     x  S50. 
111.  6S.— Pollen- bodies  BTlcr  dirision. 
Cli — 65, — t'»riiiali(ni  tvf  llie  vr^ictuiTeoell- 
fi6. — Di»iBioQ  of  llic  »pgttftiive  cell. 

C7 — OH.— MctAiiiorjiliotiit  iif  Uie  fe|;eUUTe  cell  andUie  larger  nudd  vp 
lo  llie  malunlj  of  Lkc  Pullcn-bodjr. 

jfrum  {rrHaftim.      X  COO. 
70,  f  1. — First  dcvflupmeril  of  llie  Pollrn  bodies  after  divisioD. 
73. —  Preurd-oiit  boilj' ;  \hr.  cli«ixinii(>r  llie  Trgi-lnliveiturtei  iKonljr  aerH. 
73. — Malurc  body ;  th«  sfKclBRk-like  unileii   vcKclMivc  cclla  are  ttill 
nwiiiUiiiicd. 
74. — Nuclei  prewcd  nut  nf  nmture  bodice. 

HitlomM*  mmbrUitfMM.      X  300. 
75. — Fi'Bt  diviftion  of  ilic  Puririi-bodii-a. 

70, — Tlic  vrcrlMivc  niiHcuv  ban  ui  addilioii  divided. 
77,  79. — PtillL-a-ltilR'«j  in  7^  aiid  Td  llic  paritLiun  walls  are  sliU  tiiaiit> 
Uined. 

Jttneui  artieuhivi.     X  300. 
80.— Poilen-body  after  division.     81.  Older  bodj. 

Ilriivckarii  paitiUnt.      X  1150. 

Sfl — 04,— Development  of  llie  I'uiknbodj  to  malurity.  Of)  and  01  «bo» 
Uwftmdual  rcsorpiitin  of  tlic  ihrcc  nuclei  Eiluattd  in  tuc  narrow  end. 

OS. — Normsl  thickciiinc  of  tlic  iiilijirof  n  innturt?  bfidy. 

9G — 'J3. — Pcculiiir  tliirkcntDgs  of  itic  mtmbiiLiiL-,  nJiidi  vccuiuu  tbe  far* 
tanli'iri  oF  Tai^c  pnrtition  wmIIs. 

99— lOi.— rolk-u-tub«. 
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EXPLANATION  OF  PLATE  V, 

^ng  Mr.  F.  O.  Bower's  Memoir  on  tlie  DcTetop- 
^ciit  of  tho  Cii  nceptauie  iu  tlic  KiicaceH!. 

^-^VlQf;  sjstpm  of  IcMtrirg  lias  been  used  lliroiiglinut— Inttial 
'S*aii  eti\  =  li,  iAtu'il'wg  li»iui<— /.  Catttcal  lissue  ==  r. 
nn  ^  ee.      Mucilage  =  n.      Autbcridial  cell  =^  a.      fcJicel 


»■»  ^- Jhix  E^urei  are  all  from  material  Ireaird  (ir»t  with  dilute  chromis 
^*?  retnaiuitii;  npurm  nrc  from  niaUiiiat  prcstrved  liriL  in  taturaicd 
*^ff  ooniinOD  aall  (cf.  text). 

tttcus  aerralfU. 
1^         X   (^4"). — Part  of  ft  vertical   longitudinat  nection  iiaiaitig  tliTongh 
i.^^^^*hich  Btirrounda  the  depresitci  apti  of  a  fertile  branch.    Tlie  initi&I 
^      ^^    erased  to  divide,  and  ia  aurpancil   b;  the  lurrouiiiiiiig  lis>ue, » 
^^  ^^clinatton  i«  obwrrablc  in  the  walU  dividing  the  cells  of  the  litnitiiiff 


^Y  ~  ^  (*!•)■ — Part  of  a  similar  aection,  with 
^  oell  liBl  begun  tu  ihriMk.  Tlie  banal  ccii 
k    ^tion  ol  the  walls  of  llie  lunilintr  tt»&ue  ia 


^,1 


an  older  coueeptacle.  The 

baa  Dol  >et  ditidecT.    Tlie 

III  fire  pTonouiicrd  than  in 


•^  ^  ^  •  ^  ^*i  ")- — ^  jotinff  eonceplncle  a*  leen  from  aboTe,  l]>e  protoplasm 
^^^^^  initiu  call  hat  ihitink,  and  iis  cell-walli  anolki), 


if 
Wfc^    '^*t.  4  (*|fi). — Talirii  fifini  a  !>rrliflii  siinilur  lo  ]  iind  2.     This  &bows 

^^      UiiCial  cell  murt  bliruiik,  ihr  bBsal  rrii  dtvidi'il  luiijjil udiiiulJ}r.    Tlie 

^foiion  of  fhe  swollen  ccll-wiilt  lllliiig  tl»G  wviiy  li»»  W(iiiii. 

»  -^**o-  £  (■*}",' — T*!*"  of*  iririfVprst  (.rflior,  wi'tli  ncrinrrplnclip  morn  ad- 

^  ■   ^crd ;  it  n  riitLctilt  here  lo  Irll  Che  limit  ttrtwrcn  llic  nurt  of  iJie  lining 

^^6ue,  derifed  from  the.  liiriting,  and  Ihni  derived  from  Inc  cnrlical  tisMic. 

^.   Tie.  6(iJ0}.^r»rl  of  a  liansverse  ftcctitm,  wilh  nn  olilcr  ciicvfiUrlc, 

''e  fcntial  cotumn  still  attached.     No  formAlirin  of  lisirs  as  ^et. 

Fig.  1  {^\S). — Uale  cuueeplDClc.    ilucilsgc  tlLOwiiig  slralillcalion  and 

^ttinlion. 

Pio.  8  i,  ii,  iii  (°f°). — Anllicridia  in  Tsrious  titga  of  dcvelopuieDt 

from  t  UBglc  cell  ol  tie  lining  ti»uc. 

JJuUdryt  eilif/uota, 
tm.  0.— Vertical  longitudinnl  section,  with  coDceptacle. 

Hymanthalia  lorea. 

Fio.  10. — YotiDg  cuueepliu'Le  teun  oUliquelj  from  aboTe,  sliowiiig  iuilial 
liair  piotrudini;  from  the  cavily. 

ifio,  11. — ^ligljllj  older  coijceptadeiu  longitudinal  section,  Initial  eell 
slirivellrd.  em  =  C'iiticularia«d  outer  lejrr  of  awoltcn  covering  of  the 
liiniiiog  tissue  'ct.  text,  footuuLc). 

Fig.  12  (i(o}.^Braiidjirig  antheriJial  Uir,  ahowintf  transition,  on  for- 
malioii  oraulberidia,  froin  muiiupvilinl  to  tjrii^uilinl  sjslcni  ol  brntiirlnig. 
tlie  brandies  ate  uuniticrcd  according  to  llJcir  a(;rs,  I  bring  (lie  uldnt. 
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EXPLANATION  09  PLATES  VI  k  VH, 

niuKtrnting  Mr.  J.  E.  Uloorafield's  paper  "On    the  D©- 
TelopmcDt  of  the  Spermatozua/'      Fart  I.  "  Lumbricua/' 

Fio. 
1. — ^Testis  of  the  outh-wonn — ■  tmill  example  u  seen  under  knr  pmvr. 
9. — CcUs  from  the  trabecalar  sustentaculum  of  ibe  scminaJ  rrfterroir. 
3.— Portion  of  wall  of  i  ftcnunaJ  reserroir  with  fuAiform  cella  of  the  vm- 
tciitaoilum. 
4. — Trtotverie  tectioaof  the  setniBol  roKrvotr,  iliowing  the  peaelnttMg 

blood -viiasolB. 
6. — A  imrtinn  nf  a  seniinal  rcadirntr  more  hi^lil^  magai&oA,  ahoiring  tbc 
Spernititoaphdrva  parked  in  the  vaAriilsi  sustrntanulum. 

6 — 10. — C«IU  (spciniatwipDres)  frooi  a  joung  Leatu)  leastd :  oimie  Kill 

ind  picrocarmiHe. 
IQa. — Dravo  on  a  larger  acale. 
11— IS. — CelU  from  joung  aemiiul  roMrroir  eIoog«ting  to  form  tkt 

auBtvnUicular  tltirca. 
16 — SO. — Spcrmatospona,  diTidJag  into  two  (joung  "poljrplwts  **). 
SI,  as.— lulu  four. 
S3.— Three  segDieots. 

it. — Eight  segment*  or  apennatoblasts,  drawn  in  fresh  stale. 
85,  SO. — Ditto,  with  aoelio  acid.    26  allowing  oeatml  pfoloplum  or 

blaitoplior  (bl). 
SAa. — Sixlecn  «permatublatt«, 

S7,  98.— A  pol.<F;ilul.    S7,  with  acetic  acid.     38,  fresh. 
29.— Similar  iwliriiiast  on  treatment  with  osmic  acid  and  picroeannine. 
30,  31,  32. — Furlbcr  stage  in  scfpneutation,  frcab. 
3S,  Sir,  36. — Ditto,  Lrrati^d  -with  iiAitiic  aciA  anri  picrcicannine. 
56,  3S. — To  thaw  Lbe  ooulral  blaatopli»r  («0  at  this  »lag«,  iod  id  tbe 

folbwiug. 
37. — Showing  refraotivc  cap  on  tbc  epcniiatablaata. 
3^.— Showing  protrusion  of  Rite  fiLanteut. 
40.— Same  »Uge  fr«h. 
41 — 40. — Progtrssivc  staf;ei,  consisCiDg  in  an  eloogatioo  of  Ihc  nuclei  of 

llic  »j)i-iiiiiitubl4ial»,  A.  H,  t,  head,  iicck,  tail. 
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PLATES  VI  &  YU—OmtiKuei, 

47,  48.— Spennttotoa  matare,  reating  on  oeatnl  blastoplior  (61). 

49. — boUted  blastophor  with  vumale. 

50. — Spemttotoa  aeen  onder  10  immersioa  objective,  a,  6,  e,  mature ; 
d,  from  poljpbat,  Sg.  46. 

61 — 59. — ^Brown  oorpusclea  of  the  seminal  teservoin  exhibiting  network, 
fresh. 

60 — 65. — Ditto  with  oemic  acid  and  picroearmine. 

66. — Similar  brown  oorp°Kle  treated  with  acetie  acid. 

67 — 71.— Yoong  browo  corpnacle. 

73. — Bpenn  poljplaat  of  Balis  lupena :  bl.  blastophor,  tpb.  spermato- 
blasts. 

73. — Sperm  poljplut  of  Remt  temporaria:  bl.  blastophor.  tpb.  Bpnrmato* 
Uasta. 
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EXPLANATION  OF  PLATE  VIII, 

Illustrating  Mr.  ArmaDer  Haasen's  paper  oa  the  "  Bacillus 
of  Leprosy.*' 

Vios.  1,  2,  nd  3. — Cells  from  tubercles  with  rod-Bhaped  bodies,  rresli. 
Gundlaoh,  No.  8. 

Fig.  4. — Sach  oells  treated  witb  oamio  acid,  OuaJlscb,  Ho.  8. 

Via.  6. — A  brown  element  witb  sdheriog  stticulated  threads  after  Tour 
daja*  coltiratioa. 

Fjo.  6. — From  the  bmrder  of  one  of  the  fungtu  growtlu  in  the  prepa- 
lation  of  April  1st. 

Fio.  7- — Brown  elements  coloured  witb  metbjrl  violet,  from  a  tubercle 
treated  witb  osmic  scid. 


JUffrJmmMnMs^i.  m. 


%  /■ 


(• 


ri^3 


^ 


Fia.  it. 


i 


/'f4t.   S. 


Fxy.e. 


Fi0S      / 


V>-*-- 


I 


I 


V  A   £>•  AIkh.  4>t 


Wirx'laM  k   b>k. 


HF.MlL.SVKVA^'tK'^^Vk. 


JOUKNAL    OP    MICROSCOPICAL  SCIENCE. 


EXPLANATION  OP  PLATES    IX— XIV, 

Illustrating    the    paper    on    the    '*  Coffee-leaf    Disease    of 
Ceylon/'  by  W.  T.  Thiaelton  Dyer.  M.A.,  F.L.S. 

Ttc  wbule  of  tbe  dnvrings  were  ma<l«  by  D.  Morriii,  M^.,  F.G.S.,  Tor 
bis  forthcomiiig  Handbook. 

EXPLANATION  OF  PLATE  tX. 

Fko.  1. — Under  side  of  coffee  leaf,  showing  {lisease  spot*  in  variona 
st^W  of  deVBlopment.  The  Qrange-caloureirajiorangia  uiv  nrran^ci)  in 
DumberlciiA  clusters  on  cub  spot.  a.  An  olil,diHesAQ  spot  BuljaL^juently 
aUaeked  by  ■  lecond  riinjE[a8  (rJspfr;fiUu4).  n.  A  di>nw«  «])ut  tr^vor^cd 
by  nerves  of  tbc  leaf.  In  «uvh  cues  itic  QlamenU  cross  ovtirtUu  barriers 
formed  by  tb«  nerves  fi-om  one  eloaia  to  another,  on  the  ouUide  of  the 
Icsf. 

Fto.  'l.^D'itetse  ipots  coxlescing  and  forminj^  an  individual  pAtcb. 

Fiu.  3, — Portion  of  coflce  leaf,  twice  naturul  sLii;,  with  old  disease 
0pot»  in  the  centre.  Tbe  immature  snorsagia  are  oran;;c  r.aloarud, 
whilst  the  mnre  mature  are  coburlcM.  The  larva  of  a  uial«  dipterous 
insvct  is  repf  vaeiit^d  feeding  on  th«  sporangia.     Sl-o  Gg,  7 . 

Fig.  4,— Disease  spot,  magnified  about  t«u  tiiuus,  Hhutting  the  arrange- 
ment of  tb«  ipurangia  in  ctuKLem. 

Fm.  5. — PortioEi  of  under  surface  of  coffee  leaf  magnifiod,  so  as  to 
■how  : — A.  Stotuala.  n.  Cluster  of  sporangia  coming  through  and  oecn- 
pying  the  area  of  a  stoma,     x  'iOO. 

Fi«.  6.— Single  cluitcr  of  sporangia-  The  more  mature  have  fallen 
off,  exposing  llieir  puiuu  of  aitaobmcnt.     x  000. 

Fio.  7, — Enlarewd  drawing  of  larvn  of  dlptcrofts  insect,  found  feediug 
on  sporangia  of  Uemilaia.     See  Fig,  3. 


EXPLANATION  OF  PLATE  X. 

iringU  found  on  fallen  leaves  and  inoiat  Burfaces  under 
I'-gning  rise  to  wtde-sp reading  uiyijtiliiil  tdauienta.      X  2<i0. 

Fic.  2. — Sporant;Ia  howu  ou  glass  slldu,  oud  k«pt  in  a  moist  atmo- 
sphere for  thirtr-Mx  boui-n.  Myc-eliul  filaments  abundantly  produceil. 
A.  Unbroken  ciuat«r  of  ripe  sporangia.  ii.  Dctacbvd  onui^'-vuloured 
sporangia.  <-.  Bporidia  egciipcd  from  the  sporangin,  devtrlopiiiff  Illa- 
menta.  c.  Sporidia  developing  Glamenu  whilst  still  oocluaud  in  the 
sporangia,     x  600, 


vpt.  «,— NEW  ara. 


EXPLANATrON  OP  PLATE  XL 


k.  StVL   of  «(itdenDal   oelt. 
Uemileia.    d. 


B.  Wall  gf  nine.      c.  I^Umenb  of 
Stonuta.     All  x  600. 


Fn.  1.— Portinn  ot  nidemU  of  ^oung  bark  of  coff»e  tree,  ifaoving 
tikt  nuDi&OtlonB  of  the  blanimt*  exlernalljr.  Tbe  faioter  line*  indicate 
the  epiderDittl  cells.  'Die  darker  lines  repmeat  the  iiljuucuts  of  lb« 
Hmutia. 

Fm.  S. — ^Portion  cf  the  under  lurfiue  of  k  eofTee  leaf,  ahoirinfi  the 
■miuemeitt   of  tlw  itoauU  uid  dutiibutioa  of  the  fi  la  men  to  of  the 

EXPLANATION  OP  PLATE  XXI. 

'  Fio.  l.~Sectioa  through  colTee  leaf,  sboirinK  myceliuBa  of  the 
HtmiUia  u  an  ioternal  paiasite.  a.  Ufiper  mrfaoe  of  Waf.  b.  Vertical 
cella  (palisade  tiMiie}.  r.  Spoitg/  tisaue.  n.  [nt«r<>etlulBr  air-pu- 
ugva.  K.  Lower  surface  of  leaf.  r.  Cliuter  of  Sporsagia  of  Hemltia. 
0.  Myctfliuiu  of  lltmiiria.  h.  Cavitj  (»ua«i]  \tj  tlie  daatruction  of 
apongy  tiMuulos^  mT-oelium  of  Ihmilcia.     X  130. 

Fill.  2.— CluNter  of  Rpurati|;iii  burnu  upua  mycelial  Gliuucnt^.  extri- 
OMcd  from  tbe  leaf,  a-  SpurangLi.  b.  Line  teprt-aeDliiig  lurfuce  of 
the  leaf.     c.  Mjrcvlium  diuccted  from  the  iiilertar  iif  (he  loaf.       X  'iM, 

Fio.  3.^1^iu|;raui  rvpreaeutiug  a  lectioa  of  a  cofTue  leaf,  witb  porlioa 
of  lower  surface  Been  in  penpecHve.     Kefeienoee  oa  in  Fig.  1.      X  350. 


£XFLANATION  OF  PLATE  XUl. 
R^ftrtmwt  A  to  J>  M  im  PUi«  XL     X  1000. 

Fio.  I. — Portion  of  epKlorrnii  of  yaun^  hark  of  ooflco  tree,  ahowioir 
Gluments  gf  iiwmltiit  WlVtru  trttatmun;  vritb  mixLure  of  sulphur  am 
liiBe. 

Fio.  2.— Same  preparation,  ahowing  the  RlaraenU  tli!rtj>>ix  boun 
after  trcalmcnt  with  a  mixture  of  sulphur  and  caustic  lime  in  che  i>ro< 
portion  uf  I  to  S.  The  yi-Uuw  purti(-lk;s  reprnvnt  the  vulpbur  graiDa; 
the  irregular  partidpa  are  those  of  lime.  B.  Portion  of  lilamenc  corroded 
by  the  iu:tiuii  of  oauHiic  liittn.  r.  Porii>>n  of  lilameat  BbrivcUed  b^f  the 
action  of  sulphurous  acid  evolved  lij  the  sulphur. 


? 


EXPLANATION  OF  PLATE  XIV. 
Rtfirtnctt  k  h  D  at  in  Plait  XL     X  1000. 

Fig.  1, — Portion  of  under  surface  of  coffee  leaf,  showing  filomentaol 
disease  before  trealmoat  with  a  mixture  of  sulpbur  and  caustic  lime. 
£.  Growing  point  of  a  lllanieot. 

Kill.  1. — Same  |iruparnliuii,  showing  the  filameota  fortjr-eiffht  boiui 
tSlet  treatDii^nt  willi  a  mixture  of  sulphur  and  caustic  lime  in  the  pro- 
nortiun  of  I  111  2.  l.m  lime  bviug  used  than  in  the  cue  shown  ia 
PI.  Xlir,  %,  2.  the  fi]<tmeDts  are  not  to  broken.  They  owe  theic 
dvstrucUuD  almost  entirely  lo  the  action  of  the  sulphur. 
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EXPLANATION  OP  PLATES  XV  &  XVI, 

Illustrating  Mr.  J.  D.  Siddall's  "  Memoir  on  SUe[pheardelIa^ 
an  undescribed  Type  of  Marine  Rhixopods  ;  with,  a 
few  Obaerrations  on  Lieberkiilmift." 

PLATE    XV, 
moBtrating  ShepheardcUa  ittni/orm'ui  life -blatory, 

Pio,  1.— Thrett  »pecinteiii  dravrn  natural  nize. 

Flo.  %. — k  Wvivg  Siephardffta.vhh  (iseiidDpodiaftilended  from  Ihc  two 
end  apertinTs,  mid  id»<i  (rnm  1  lie  investing  Layer  of  sarcode.  Oval  aadeai 
near  tlir  middle.     X  15  dianiclcrs. 

Fig.  S  a,  &.— The  middlr  and  Iwo  rn^e  of  Kame  SpecimeD,  allowing 
nudcus,  apertures,  ialc^auiimC,  and  jellowish  granular  sarcojc.  X  17U 
diraM. 

Fie.  4l — ^Tlie  rarjin^  Bp|t(>aranc«9  pn^sented  b7  tht  Duclens  as  it  is 
carried  along  by  tbe  ri>l«tiii)t  protoplasm  Uarct/iie).     x  HO  iliaius. 

Fio.  I>. — A  Tcnr  sjimli  amJ  somrwlml  nDnormal  sprainien.  X  (U)  diams. 
s.  and  6.  Tbc  end  BliowioK  apflrLure  and  Urst  protrusion  of  pseuilonDdia. 

Fig,  8.^A  in«nT»8pcrturcd  form,  probalilir  "  SArp&eariLrt/a," m  finit  sUige 
of  "  brcakinir  up-'      r»eudopui)ia  dniwii  Ut  hclual  icnjirth,      X  27  iliains. 

Flo,  7- — iig-  2  at  BiHc  a.m.,  litceiiibcr  IStli.  a.  Detaclied  purtion  of 
sarcode. 

Fid.  8  a.  b. — Fig.  9  at  seven  p.m.,  December  19tb.  Viewvd  from  botb 
aides  of  the  eel). 

Fio.  0  a.i. — Fig.  S  at  nine  a,ni.,  DcM-mbcr  iMi.  Viewed  from  both 
sides  of  the  cell.  SArendo  all  nuixd,  hating  been  e&uded  from  ihs 
wrintled  empt;  ialegnment  i. 

>*i«.  lOfl.  i.e.  d. — Tlif  Mkfd9*,rt.at\etii  %t\(\\.ht<r"  SlupfiearA'ita"  '^\t\\, 
having  {luwcd  tbrougli  pVeUminaTy  altrratioua  in  form,  somcwhal  aimuu  to 
those  rrprcKnti^d  b;  FiK«.  i,  7,  ^^  an<l  9.  ^xxikc  up  into  four  sciiant«  portions 
on  December  17Ui  at  nine  a.m,,  tweiujr-fnur  hours  previoualjt  iiavLng  been 
jnat  as  Fig.  0  in  form,  but  tlill  eaclosed  in  ils  integament. 

Fj».  11.— Fift-  10  ai  10.30  p  m.,  December  I7ih. 

Fid.  13. — Ftg.  10  at  uiiie  a  m.,  December  IStk.  a.  6.  Detached  anKoboid 
portioaa.    Fig»-  7  to  lil  x  £U  Ji&meteni. 

Fia.  13  a.  b.  e.— Fig.  30  on  December  37th.  Breaking  up.  a.  Tbe 
empty  integument.  6.  A  prolrudcd  mass  of  still  sareoite,  co&taiDinft  ■ 
aonber  of  nndcutcd  (jriuiulea.  c.  Oue  of  Itie  latter  whioli  lias  deteloped 
Actiuoplirjsdikc  raya. 

Fifi.  H  ff.  b. — Aclincpbrys-furm  loine  days  after  liberation.  x  350 
diutna.  a.  Dividing  iulo  three  Hrparsle  iiidiriduab.  b.  Large  cxampJe, 
contain  ill)!:  nucleii*  and  cnnlTnctilB  Tesiclo. 

Fio.  15.— A  minute  purtum  of  Fig.   12,  detached  on  December  ISlh, 
containing  a  large  number  of  granules  exeGedingly  imall,  yei  much  larer 
and  more  d«fiBite  b  form  tlian'  tbc  ordiimry  granules  of  tlis  aarc 


EXri.ANAT[ON  OF  I'LATE  XV.—Cofimmd. 

a.  Am  Brtt  siren  off.    t.  Its  apneanaee  on  December  VHh,   it 
"tohoM"  pBCudapAdia  nnd  frmtiiW  ^iven  off  from  it.     Bj  Juman 
It  IwJ  dt»liwged  sll  ttie  granales,  whidi  could  not  be  dUiiuguuibea 
tlie  oUicr  ornnio  malter  on  tlte  ilide. 

FlQs.  10,  17.  18,  uid  19.— Amtebn,  u  given  off  from  Si*pieantttUi  t 
16  conUiniD^  nneleus.  m.  NaddH.  t.  e.  Coatnclite  Te«icfe.  17. 
Aaotlier  form,  oceuianallj  nuolMtcd.  18.  Noa-iracluted,  rert  netira 
form.  It),  llctliog  eonditlon,  u  now  annmed,  four  to  mko  weou  after 
tibenliOB. 


PLATE    XVI. 
IIIuBtntinf;  ShvphtarStUa  itemiformu  biitolojrjTi  tod  Li«herkHitia. 
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fio.  1. — Caincn  tncin^  of  the  (uboutuieDus  Ujer  of  Ute  aircode  of 
" SimphearJeila,"  mouutedja  fflfcrtine  jcU;  (without  anr  other  trenliDeatj 
and  coniaiiiing,  imbedded  in  iti  clear,  atniotureteu  protoplMm,  atidenica 
grsnulea  of  wJoBi  sisea,  and  la^  dear  mauea  of  Grmer  protCFptucn. 
X  600  diairs. 

Fio.  3. — Camera  Imcing  of  a  similarly  mounted  specimen,  after  treat- 
ment with  oamic  and,  alcohol,  and  picro-carminc,  sLowin^  crcrj  ^T«aule 
CODtniced  in  Uie  clear  protuplatiu  to  be  of  ftcAoite  funn  and  auokaled. 
X  fiOU  diniiis. 

Fig.  'A. — Tlie  nucleua  of  a  iii/ccrine-mounte^  specimen  foul;),  tbovinf. 
tbe  nucleus,  a,  proficr,  carc]o|>cd  in  a  meitibrau^  be.     x  SOUdiania. 

Fig.  \. — Tlic  nucleus  uf  nuulber  t|>ceinien,  after  treatmunt  with  acetic 
acid  and  ntrminr,  ajiowmi^  tlic  nucleus,  a,  proper,  filled  with  gratiuUr 
protoplium  (staiiicd  dceplljr),  and  au  irregular  edged  ilcneer  inaKs  near  its 
centre  (niirl«oUi>).  tbe  nucleus  being  rai^adft^Dj  a  delicate  membrane, 
b.     X   ;)01>  diams. 

Via.  5. — Another  nuelcu*.  trcaled  and  mounted  as  FtR.  4,  sbowinf;  •, 
nnrlena;  A,  thn  pmtopla.<imic  rontents  contracted  npnn  its  walls;  e,  tbe 
emliraciiig  membrane ;  and  d,  tlie  tctj  tranipaicnt  enveLopioe  sac.  X  3u6 
diams. 

f  ic.  4. — Anotlier,  monnted  in  gljccrine  jell/  onlj,  sbowing  c,  the 
embTneing  meaibrane;  and  rf,  the  eoTelopiug  sac  wrinkled  npoa  it. 
X   300  diams. 

Flo.  7. — SfifphMriUlla  ttfnia,  from  a  living  specimen,     x  40  ditma. 

Fio.  8. — LK-bfrUAfinia  H'agemri.      x  55  diameters. 

Fco.  9. — Apfrlurc  o(  dir.lo.  B:<sc  of  (lie  (iriiicjpal  stem  of  pseudopodia, 
shr.wn  u  an  orat  spot  within  tbe  Aqunrc  moutA.     X  66  diama. 

FlM.  10.— The  Mim^  sprcimcn  shortly  after  being  transferred  to  the  cell, 
showing  Ihc  living  warm  entani;!^  among  rlio  pscudopodia,      X  3S  diams. 

Fift.  n. — The  sanif,  with  Ihc  worm  swallowed  as  far  as  possible. 

F]ti.  12. — Marginal  portion  of  the  (wiiic  when  mounted  in  glvceriDS 
jellj,  viowcd  in  optical  section,  showing  transparent  integument,  a  ;  reai- 
cular  nuclei,  b ;  granular  protoplasm,  c ;  and  subcutaneous  lajcr  of  finer 
protoplasm,  d,     x  lOOU  aiams. 
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EXPLAXATION  OF  PLATES  XVII  A>'D  XVIII- 

FiQ.  B— Section  ihmujch  ih«  twcn(7>f»artb  scfount  of  m  Mek  with 
tweiitr-Bine  prntovcrtebii*-,  ■buwitig  WulftUn  blulcma  kntl  thla  peri* 
loneu  eiiitbelium.     limrt.  cmm.,  ob,  H. 

Fi<i.  10. — tSrctian  throu^gh  ihc  twcDty-ninlk  seanent  of  m  ebick  witli 
thirt^-four  prutoTertebrw.  kkuwing  tb«  comiMOCUtc  dtvclopneai  c£  a 
priiuBry  Wc»llli«n  lubulc  rrom  WolflUn  blutem*.     Ilftrt.  cftm^  oh.  4. 

Fitt.  11. — 8eclion  tbrougb  a  chick,  end  of  tbird  dij  or  IwginBtnc  of 
ri-urth,  ahowing  curltMl  &ppMr«noe  of  •  Mcoodkr;  tulMuft.  lurt. 
CUD.,  ob.  3. 

Fia.  12. — Section  throiiph  tbe  tbirty-second  j^roUiTcrtebrm  of  s 
diick  witb  Uurty-four  prutorcrlvbnn,  showing  the  kidne;  bUvlaau. 

Fitia.  13 — 17.— A  scrici  of  BCctiDui  from  the  hind  trnd  of  a  cbtck  of 
(uiirth  dsT,  iUtutnUing  th«  cuutinuiCf  of  the  >VollEui  bodjp  with  U>* 
oells  faming  the  kidnej  blutemi.     Iwt.  cua.,  ob.  3. 

Fio.  13. — L&at  scclion,  in  which  a  tertiarj  tubule  waj  seen. 

Fia.  14  — Litst  •frclton,  in  which  a  Mcomtar;  tubule  wa«  seeo.  Tbe 
tubules  in  fig».  13  and  14  are  contigunu*. 

Fii>.  t-S. — Nuxt  (Vction  but  onu  bvhind  fi){.  14. 

Fin.  16. — Next  srotion  but  linc  to  flp.  Ifi. 

Pro.  17  A,— Section  anme  ilistitnoe  behind  that  drawn  in  6g.  16. 

FiuH.  19,  IG,  and  17  show  kidnc;  biutema. 

Fio.  17  sbowa  opening;  of  Wolttian  duct  into  born  of  cloaca. 

f  K.s.  Itl— 20. — Sections  through  a  ili^hily  old«r  «inbrju  than  that 
from  which  aboTo  ftorica  was  taken.  Hart.  cnm..  ob.  3,  StuiwinK  {6|{. 
SO),  ureter  opening  into  Wollhan  duul,  with  thiAcd  kidney  ItU^lifna 
Ijiinf;  juBt  internal  to  it. 

Fio.  19. — Siiowliij  developing  oreter  and  ki>1ne;r  blaitema. 
Fio.  20.  — Section  juR  anterior  to  ureter  throogh  ttw  anterior  end  of 
tbv  kidney  bla»tetim. 

Fic.  21, — A  IcingituOinal  vertical  section  through  the  hind  cihI  of  a 
four-dav  cbit^k,  sliowiog  continuitv  of  kidn«j  b)B*l>.-nia  with  hindemiost 
part  of  WulfTian  blutemn,  in  whicti  the  development  ot'  Wolffian  tubule 
IN  taking  p1at;e.     Ko  Uue  of  demnrcutruii  can  be  drawn  between  tb«  two. 

Fig.  22. — Section  through  a  chick  of  »cvcnth  day  or  late  in  aixtb, 
ahuwini;  tbe  purtiou  of  ihi:  uiutec  (a.J  and  ita  doTiial  dilatation  (r.  /.) 
with  regard  to  tbe  Wulilisa  bud;  (v.). 

FidA.  2'i  and  24  arc  from  acclioiia  of  tbe  chick  from  which  fig.  22  was 
taken. 

Fi<i.  23. — Section  next  but  one  to  fig.  22.  It  sbow«  the  kidnoy  lubole 
doraal  to  the  ureter,  surrounded  by  the  blastema. 

Fio.  24. — Section  next  to  lig.  22,  ahuwB  tho  diUtcd  termination  of  tin 
kidney  tubule  and  the  coutinuity  of  iu  lining  cells  with  those  of  the 
kidney  blastema. 

Fi>;,  23. — From  a  iiectioD  through  the  kidney  of  an  eigbt-day  duck, 
showing  the  lerminaliun  of  a  kidney  tubule.  It  presenu  the  aame 
feature  as  iig.  24. 
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5XPLANATI0N  OP  PLATES    XIX,  XX,  AND  XX  I, 

Illustrating  Mr.  P.  M.  Balfour's  Notes  on  the  Derelop- 
ment  of  the  Araneina. 

PLATE  XIX. 

Compute  Litt  of  Rfferenct  LeUtrt. 

ek.g.  Ganslion  of  cbclicenc  c. /.  C'ltud&l  lobe.  ck.  Chelicerv.  pi. 
'Pedipiiljii.  pr.  I.  Proxiral  lobe.  pp'.fp\ete.  rrovisionicl  iip(>eR<lagc<. 
If.  c-  rnmitirti  cuDiulud,     *jt,  Spimnereta.     ti.  StQinodmuai. 

I^IV.  Ambulator;  appendages.        l^ — Ifi.  PoatorsI  lefiiiients. 

Fio.  I. — Oruiii,  wilb  pririikivu  cuniulut)  luid  etreik  prucuvdicig from  it* 

Fiu.  S. — Someith&t  Inter  atage.  in  which  the  primitive  cucnului  ■«  still 
vtsilile.  Near  the  up|)o#it«  end  ol'  ibe  btasloderiu  is  *  wbite  area,  wtiicb  u 
probably  the  ruilimciit  of  the  prticcphiilic  lobe. 

Fin,  3it  nnit  Sb. — View  of  an  I'tnbrj'U  from  thi-  vnilritl  larface  and  frora 
tbe  tide  wben  six  segments  have  become  c&tabli»iliv(l. 

Fia.  4. — View  of  an  embryo,  idealljr  unrolled,  wben  th«  first  nidU 
BcnU  of  tb«  appendftj^os  bccume  viiibto. 

Fra.  5. — Embrfo  ideally  unrolled  ftt  the  stage  when  all  the  appcmdnf^ 
hiLVu  bccDiue  DSlnbliKhud, 

Fi<'>.  6. — SomL>«rbut  older  stag^,  when  the  limba  begin  to  be  jointed. 
Vivwed  from  ttii;  side, 

Fin.  7, — Later  stage,  viewed  from  tHe  side- 
Fin.  7a.— Skuli;  embryo  att  Sig.  7,  idvntljr  unroilcd. 

Fjr,  8ii  aiid  &i.~~Vie\r  from  the  ventral  lurTace  and  from  the  side  of 
•n  embryo,  after  the  ^eolral  flexure  has  considerably  advanced. 

Fiti.  0. — Somenlint  older  embryo,  viiiwed  from  the  ventral  BOrface. 


PLATES  XX  ANB  XXL 

CompUfn  LUt  of  iUferfnee  Letttn, 

ao.  Aorta.  dA.y.  At>dominal  nerve  cord.  ei.  Cbelicerx.  rk.  ff.  Can- 
(tlion  of  chelicuu'.  ^.  Epiblust.  ht.  Uoart.  h.  Hemispherical  lobs 
of  mpraiwophsg^al  Kiiriglion.  /. /.  Lower  lip.  at.  MuMjles.  m«.  Mpso- 
bl&st.  s««f.  Me-wnteruD.  mp.y.  Mslpigbian  tube.  mt.  Mesoblftstic 
0,  r.  I'ericariliiim.     iir.  I'roc 


•OiDit«.  «.  (EsupIiBBiia,  p.  r.  I'ericariliiim.  fir.  Procfoda-um  (rectum), 
prf.  Pedipalpi.  pd.  g.  (ianglion  of  pedipalpi,  pr.  c.  Primitive  cumulus. 
V.  isvptum  in  abdompn.  *o.  Kumat<>pluurc.  'p.  Splanclmopleure.  tt. 
Stoiuodicum  (N.  SucU^rial  apparatus,  iu.  ff.  Supra-o-aflphflgeiil  sanglion. 
th.  g.  Tbonieic  ganglion,  v.g.  Ventral  nerve  oord.  gi,  YuUc  y.e. 
CuUa  derived  frum  yolk.    y.  m.  Nuclei  of  yolk  cells. 

Iff — Vf  g.  Ganglia  of  ambulatory  limbs.        l*— 16.  Postoral  degmentt. 


PLATE  XX  «  XXI.— Om/iwwA 

Pio.  10. — Section  tltroujcb  un  oruio.  tlijHitl;  joungtr  Uiu  fig.  1. 
Sbowinff  the  priinitiTc  caniuitu  vid  Uic  columnu'  cluracicr  tt  ihe  celU 
or  one  uaLf  of  Lbe  blaatodttrra. 

Fio.  U.— Kectioa  Uuraogh  ad  embno  of  tke  nbm  ■(•  m  fig.  2. 
Showing  tb«  nedisB  Uucktowg  of  the  blutodem. 

Fio.  12.— TrHiisvene  Kcttoa  throuiih  th<!  *cntrd  pUte  of  •  iouewbal 
tM&t  eoibrjD,  Sbowiog  that  dirutun  t>f  the  venlnl  pUte  into  epiblMt  umI 
noaoblMt. 

Fta,  1 3. — Section  tbroogb  tbc  Tenlral  plaw  of  xn  embryn  of  th«  Mntc 
tge  u  flg.  3,  sbuwitig  the  divuioo  of  the  meagbUvt  of  tb«  ▼uQlrkl  pUu 
into  twu  mefiublcuitic  buidj. 

Flu.  14. — TniDn«rm  Mction  thruugb  ui  embryo  of  the  tune  >ge  u 
if-  Ai  p^^'iing  throngh  «i  kbdominal  M^cnt  abov«  uil  a  likoruae 
Mgment  below. 

Fir..  15  -  Loiigitudinftl  icctitiD  alight]/  to  one  lide  of  the  midtlle  Uoa 
through  ui  «iabrju  of  tbu  «tin«  ice. 

Fig.  16. — Traiiverw  svciion  through  the  ventral  plate  i&  tbo  th«rAcic 
r^iuti  af  an  euibrjro  of  the  Mme  hgc  as  Cf;.  7. 

Fid.  17.— Tr&niverse  Motion  tliroii^li  the  ttroci^hsltc  IoIms  of  an 
embr^ro  of  ibe  awue  age.  yr.  Section  of  faeoiicircular  grooru  io  pro- 
cephalic  lobe. 

Fia.  18. — TraiitTcrM  section  through  the  tbocftcie  rugioa  of  an 
entbr/o  of  the  same  age  aa  fig.  8. 

Fio.  19. — Section  through  the  procepbalic  lobe*  of  an  embryo  of  tbe 
Bauifl  age. 

Fiu.  '20  a,  b,  <r,  i^  e. — Five  lections  througb  aii  embrjo  of  the  nm« 
oge  aa  lig.  9.      a  and  6  luv  Kvctiun*  through  the   procophalic  lobes. 

c  through  the  front  pttrt  of  the  ihorax.  d  cuts  traitoversely  ihg 
p^jsterior  part«  of  ibu  thorax,  and  longitudinally  and  borizontallj  the 
ventral  aurf&ce  of  the  abdomen,  e  cuu  Lhe  [>uitU-rior  part  of  the  ab- 
domen luri»iluilinally  and  horizontally,  and  shows  the  cotniBeQCciaent 
of  the  meavntcroii. 

Fiu.  'il. — Longitudinal  and  vertical  section  of  an  cinbrroof  the  sain« 
tge.  The  section  pauea  sotnowhat  to  one  side  of  the  middle  line,  and 
Buowa  ihtt  structure  of  the  nervous  kyateni. 

Flo.  2i2.— Transvene  sectioD  througb  the  dorul  part  of  tb«  abdomen 
of  an  embryo  of  the  aame  stage  as  fig.  9. 
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EXPLANATION  OP  PLATE  XXII, 

Illuttrating  Profeuor  Giard's  "  Memoir  ou  the  Ortho- 
nectida." 

Fia.  1, — Riopalura  ofAioeotue  (natnral  sUte). 
Fio.  S.— Short  form,  or  jronng  pha§e  (natural  at&te). 
Fie.  3. — Adult  aaimal,  treated  by  reigenta  and  showing  the  muscular 
buida. 

Fie.  4. — Immatare  animal  (aceUe  acid  and  carmine). 

FiQ.  S.—IntotUa  gigmi  (profile  view). 

FiQ.  6.— The  sane  seen  from  the  dorsal  aapect,  and  treated  in  suoh  a 
way  at  to  ihow  the  ectodermal  c^i. 

Fio.  7. — The  same  with  the  ectodo-m  removed,  in  order  to  nhow  the 
eadoderm. 

Pie.  8. — Very  young  Maafxta  of  Motkia. 

Fie,  9. — The  same  more  advanced. 

Fio.  10. — Commencement  of  delaminaUon, 

Fioa.  11,  IS,  and  13. — Formation  of  planmla. 

Pioa.  14  and  16. — Very  young  itporocyita  ot  Intothta  atilt  retaiiiinji 
remaina  of  the  ectoderm. 

Fig,  16. — More  advanced  sporocyst,  opened  in  order  to  show  itti  hiidH, 

Fio,  17. — Portion  of  the  same  very  highly  magnified. 

Fig.  18. — Bud  in  the  condition  of  a  planmia. 

Fioi.  19,  20,  and  21. — Stages  in  the  s^mentation  of  the  eg^  uf 
BAopaliira. 
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EXPLANATION  OP  PLATE  XXIII. 


ustratmg  Dr.  Hubrecbt's  "  Researches  oa  the  Nervous 
System  of  the  Netuertiues." 

d«.  1.— The  braici  and  t\u)  ftnterior  portion  of  tbe  liitcnil  neire-chords 

lC*rehraluIia,  anii  the  Liserof  in  gonend  (DiagramuuttJC). 

An  fxtcrnnl  slii.>;>t}i  of  ucrve-cclls   ii  npitlicd  to  an  internal  tkdetoa  of 

rvQ-libre  from  vbicli  tntter  tho  prinnpiil  neiTM  tnlcc  thotr  origin.     In  tlie 

Urw  llic  fibre  a  iaJic-ntcd  by  a  llglilcr  liut  lliRii  tlio  cells. 

To  llic  rijflit  the  »upcrior  inbc  (0|  which   ia  coalocccl  with  the  iuferior 

ta  (£'')  antcnDt'lj  to  T  is  sujiiiusod  to  liav<:  beun  romovcd.    Then  ia  a 

ick  ventral  mid  a  thin  dorxnl  oommiMure.    Tlie  median  loudtudiiin]  nerro 

r  ilie  pTobo«cidian  sbcalb  {n)  takes  its  origin  out  of  Uie  utter  commis- 

Lrc. 

H.  FofitcritjrGT  third  brain  lube.     .V.  Nervo-ohords.     V.  Nervoa  TaffU« 
.  Ncrvoui  5tcm»  tu  tkc  tip  uf  the  snout,  the  C5CS  (nbcn  ]^^cao[llt)  tofl  the  . 
nucles  of  the  UtcrAl  fis&urea. 

Fioa.  8 — C. — DilTiTcnt  utagraofdiiFercntiationof  the  respirator;  ciliated 
Uct  and  of  the  ma»a  of  larger  cells  wbicb  arc  coalesced  with  tbe  posterior 
rain  lobe.  Thin  ina«H  of  oclb  is  indLCuted  by  n  lighter  tint  (in  fi|;s,  4,  6, 
nd  R)  than  th«  musor  darker  ganf;lion-c«Us.  In  figs.  3  and  H  thn  nrrfc* 
rlls  do  not  surround  thu  Dcrrc-fibre,  but  aT«  applied  nlernatly  lu  it;  ■ 
uis  of  larger  cells  is  not  present  hero.  The  ciliated  eanol  and  iu  exlemo) 
peniof:  are  left  white. 

2.  OaruMla  aiumlala;  S.  CariHtlla  iiuipeetaia;  4.  Polia  evrla ;  5. 
Itn^raMut  roteva ;  0.  Dnpanopivriu. 

Fios.  7 — 11. — Tlie  different  relatinc  EituattonBof  tbo  longitudinal  nerre* 
bords  in  different  gtnera.  Th«  cpidcnuoidal  tissues  arc  left  whitr,  the 
lu&des  are  darker  and  tbe  ncire-chordi  of  a  darker  shade  still. 

7.  Cariiulla;  8.  Ctrtbratulut ;  9.  Langia ;  lU.  AmplUponu ;  11.  Drt. 
•aMplienu. 

Fre.  IS.— TraiiATerae  section  (left  half)  of  the  <K9cipltageal  region  of 
Weiraiuliu  rouvt.  Neither  the  epiilenn,  nor  tho  larger  portion  of  tha 
rineitudinid  musclm  hiivc  bct'ii  indicNltvl. 

0.  Lumen  of  tho  ccdtmhafcus  1  if.  Folds  in  the  niucoue  membrane;  Pr, 
'roboaoidian  sfaenlh  with  B,  (tonal  luii^iliidinnl  bloi^d-vuicl ;  L.  Thin 
nner  layer  of  longitudinal  nrnsoles  i  Ct-  Circular  muscular  layer;  V.  Ex- 
erior  layer  of  longitudiual  muscles ;  H.  Medinn  dorsal  ncrvc-cord.  iV. 
jeft  Dcrrc-chord  witli  central  fibrous  portion  aeparatcd  from  tho  ganglion 
«llft  bv  a  bjalitie  sheath. 

In  dirset  eontinuoui  connection  with  the  ganglion  oetls  ia  a  cellular  sheath 
nutcUng  the  bodj  and  situated  between  the  outer  lon^ptcidinal  and  tbe  eir- 
nlar  muscular  lajerv.  It  ii  this  sheath  wliicti  tlie  author  regards  as  a 
'  aerrous  tunic." 
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EXPLANATION  OF  PLATES  XXIV  &  XXV, 

lUustratiug  Mr.  A.  G.  Bourne's  Memoir  "Od  the   Struc- 
ture of  the  NepUridiR  of  tbe  Medicinal  Leech.*' 

L.  B.  V.  Liit«rkl  blood-reMels.  m.  l.  Cells  of  muB  lobe.  a.  l.  CcQs 
of  ipical  lobe.  T.  u  C«lb  of  lutis  lobe.  c.  ti.  Central  duct  v.  d.  Ve«i- 
ele  duct.         K.  n    Recurrent  duct. 

a.  Nnclri.  A.  Blood -TFsae Is.  6'.  F.mpt;  Uood-Teuels.  r.  Cattde 
of  tbc  blood -vesai-l*.  li.  Muscular  Gbres.  tf.  Cireular  muscnUr  fibc«s 
of  litter«l  blood-vcsKli.  (T'.  Longitudinal,  e,  Cells  of  uJiTur;  gluid.  /.  lo- 
difftrcnt  connceLivc-li&siio  fibres.  g,  PigniEntcd  Tuo-flbtoui  cauaectiTC 
tiaauB.  k.  CQia  in  tbe  vesiole.  /  Opening  of  Te»icle  duct  into  vesicle. 
k.  IntfaeeUolar  dactules.        /.  Cuticle  of  dnelulcs.       m.  Cnliclc  of  cells. 

Fi(t.  1. — Semi-diagraaimklic  viev  of  a  segmcotal  orgau.  t«kca  from  one 
of  Uic  riglkt-haud  series  in  the  region  of  Uie  testea.  Tlit;  tilooil-vearals 
are  supposed  to  be  injected,  and  tbe  duct  &nd  ductules  full.  Hie  con- 
neolive  tt»iue,  whtcli  covert  llie  organ  and  penetrates  betnfen  llic  celb, 
and  in  whicli  tbe  blood-vrsseU  lie,  ii  not  repreacnted. 

I^Ki.  2.— Termiiialion  of  the  apical  lobe  {"  ajieK  ")  and  a  portion  of  tbe 
testis  lobe,  sbowing  tbe  origin  of  tlie  recurrent  duclj  a.  o. 

l^m.  3. — Surface  view  of  cell  from  the  apical  lobe,  witb  intraccUolar 
ducLulus,  k.,  full;'  distended  witb  iluid, 

Vio.  4. — Inner  wall  of  tlie  ?esiote  -.—j.  opening  of  ibe  vesicle  dnct  \ 
h.  blood-vessels  ;  A.  cilia;  v,  d.  vesicle  dact ;  •■  ridges  due  to  tiie  partiallj 
OOntraoted  stale  of  the  vesicle. 

Ftu.  6.— Cells  from  tlio  maia  lobe,  witb  intracellalar  ductules  tii^j 
diitt^aded. 

Fio.  6.— Cells  of  the  apical  lobe,  as  seen  in  tra&sTerse  secttoa  :^ 
I.  blood-vessels  1  e.  cuticle  of  blood-vessels ;  y!  indifferent  conneclire-tissus 
Kbres;  k.  inlracellulnr  ductules;  /.  cuticle  of  tbi:  ductules.  »  SOO 
liiuins. 

Fie.  7.— Cella  of  the  nuuu  lobe  aeen  in  section,  leUors  u  before. 

Fio.  $. — Cells  anrronniJinK  Tocurrent  duot  in  its  free  portion :— a.  m- 
elena;  h.  [nlraDelliilnr  ductules;  A  cuticle  of  tbe  ductules;  m.  cuticle  of 
Ibt  cells. 
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EXPLANATION  OF  PLATES  XIIV  A  XXV— Cm^m 

Via.  9. — Surfjuc  view  of  cells  from  Lke  aptcal  lobe,  afl«r  trealmcat  witli 
fiitmtB  of  silver, 

Fio.  10.— CcUg  of  lliR  main  !o!be,  aiiet  uinccralioii  in  cbromie  add  -^  per 
oeat- : — a.  nuclei,  ehovinK  neiwock  ;  b.  blood'YoseU  ;  c.  cuticle  of  blood* 
vesieU:  /.  tudiffereut  couiiective-liuue  fitirai;  i'.  iutrnceiluUr  ductules  ; 
/.  cutklfi  of  tlic  duclulfia ;  m.  cuticle  of  the  ccUe.     x  SOO  dianis. 

Fig.  ll.—ContenU  of  tbe  vesiole  ami  oeatral  and  rectu-renl  ducts. 

X  8500  diuns. 

Fio.  13.— ContenU  of  ILe  duclule».     x  3&00  diam>. 

Fic.  li. — PoTliua  of  a  transverse  tectioii  of  u  Leecli: — ub-v.  lateral 
blood-vettel ;  u.  £..  cells  vt  tlie  inaia  lobe ;  x.  L.  celU  of  the  apical  lobe ; 
T.  L.  celU  of  the  tcElii  lobe;  c.  d.  central  duct;  v.  p.  vesicle  duct; 
B.  J>.  recurrent  duc^t.  a.  nuclei ;  i.  blood-vtssels  ;  i'.  empt;  blood -vessels ; 
d.  muscular  fibres  in  lotigitudinnl  and  transrersc  section-,  i/',  circular  fibres 
of  tbe  lateral  blooit-vcs»el;  li".  longitudinal  &bte8  of  tbe  lateral  blood- 
TBMel ;  f.  cells  of  iidivary  glaud;  /.  indifferent  couueotivc- tissue  Gbiea  ; 
jr.  pigmoQled  viao-libruuB  connective  tissue;  k.  tDtraccUular  ducluirs; 
/.  outiole  of  the  duet,     x  150  diams. 

The  nupbridium  here  dravn  lies  on  tim  k'ft-baiid  side.  Tlie  cells  of  iLo 
main  lobe  are  Been  to  lie  above  'h-.  lateral  vcebcI,  and  the  central  duct  hhi 
been  out  across  in  three  places  this  region,  Tiic  central  duct  is  seen 
again  cut  acrou  twice,  in  tbe  n|}ica  obc,  and  tlic  vesicle  duct,  wbtdi  in  Llie 
next  section  is  free,  is  just  becoming  eunoundcd  bj  tbe  cells  of  ttiemaiu 
l<ibc  at  the  commencement  of  the  lot>c.  The  reencreat  duct,  wUidi  fiutJier 
on  lies  in  the  cells  of  t)ie  main  lobe,  is  here  surrounded  b)r  testis  lobe  cells 
with  their  peculiar  irregulurly-^liaped  daetuloa. 

Fio.  U. — Portion  of  a  transverse  section  of  a  Leecli,  abDwin;  tbe  veaiole 
and  its  excrctor;  duel  :— v.  d,  vesicle  duct  -,  6.  btood-vessels ;  if.  muMnilar 
fibres;  /.  iudiffertiit  conncctiwc-tissuc  fibres;  y.  pigmented  vaso-fllffotia 
vonnectivo  tissue;  A.  cilia,     X  IGO  diams. 


JOURNAIj  op  MICnOSCOPICAIi  SCIENCB. 


EXPLANATION  OF  PLATE  XXVI, 


IlluBlratiiig  Professor  }i*y  Laokevter's  Memoir  on  "  In 
epithelial  CapiUirics  to  tbe  Integumcat  of  tho  M 
dnal  Leech." 


Fis.  1. — Matlet-shaped  cells  of  the  UgnmtaltTj  ejuUielium  : — i. 
I  portioa  of  the  cuUcle  adberciil  to  tbe  eof^oiiinl  "  l>c«ds  "  of  two  ol 
cells.    Maoented  prepcrttioD. 

FiO.  S.— From  a  tnuurereo  •cwtum  of  a  Leech,  banlmcd  in  )  per 
chromic  uai,  foUovcd  by  aloobol : — en.  cuUcIb;  v.  intra-opithelial  bit 
Te>Ml ;  'p.  epitlirltal  cells  (mallet- slttped). 

Vie.  S. — Fram  a  aimilar  se£tion:—nr.  cuticle;  v.  iatn-epilbelial 
In   transTCTM    Bectioo ;    pg.   iDtn-epItbalul  pigment  process    ( 
Taso-Gbroua  tiuuu) ;   tp.  malleUsliaped  epiUidtal  .eella;  ^t.  supcritoia 
cellular  glaiid. 

FiQ.  4. — Frooi  a  similar  section: — e.t.  compact  connective  mi' 
(sub-epitbctial  lajcc  of  tliu  iutegumcut).    Olber  lettcn  as  to  fig.  3. 

Fl«.  6.^}aticlfl  detaobed  bj  nueration,  sIiowidj;  oponii^  of  n 
gUoda. 

Fio.  6. — Surfaoe  view  of  a  flake  of  tegumentanr  cpitheliam,  prepared 
mactnilion  in  potauium  bicliramate  and  atoLDing  witL  piero-carmine.  1 
tlnrk .coloured  "liandlos"  of  the  colU  appearing  like  nuclei  (and  po 
rcpicMnliiig  inch)  arc  seen  disposed  i»  f^roups. 

Figs.  7,  i,  and  &. — Similarly  prepared  cpitUclial  cells,  sliowing  tbe 
granubr  character  of  tlie  Dell-aubstanoe :  aud  in  figs.  S  and  0,  tbe 
tioQ  of  (lie  cell  hy  tlie  apertures  of  uuiccllular  glands. 


OURNA.L  OF  MICROSCOPICAL  SCIENCE. 


liANATION  OF  PLATES  XXVII  AND  XXMII, 

brating  Professor  Rny  Lanke&ter'a  Memoir  "  Oo  the 
^oanective  and  Vasifactive  Tisftues  of  the  Medicinal 
Leech.*' 

►-  L— Tiuue  from  tte  neigbbourliood  of  a  ne[)hridiwm,  from  a  freahly- 

.  Leeeb.     pb.  Ilron-n  Sbres  of  tho  cnloplastir  vnso-iihrons  ajstem.     c. 

ibed  ULd  rusiform  corpuscles  ol  t1ic  ix^toplMlic  cumtoctiTe  jolly. 

Q.  3. — A  aingte  corpuscle  of  Ihn  connective  jelly;  nucleus  stftiaed  h; 

-cumiue. 

D.  3. — Network  of  brown  fibres  from  tbc  ndgliboarhood  of  the  neiT«- 

Leas  magnified  than  li^.  1. 
D.  4. — Brown  Gbrc  sbowing  nuclei,  n,  atiJ  liibukr  chamctcT.     S.  ^tid 
OD  of  tlie  fibre,    fi.  Hallow  portion.    Oamic  pkro-CEtrmine  propani- 

a.  &. — More  decidedly  lubular  Gbrc  of  the  vaao-fibrouB.  system,  aboving 
e  |isrt  very  tbb.  wkU  devoid  of  gnniiilatioiiA,  mid  numerous  nuclei  pro- 
ig  into  tbe  lumen  of  the  lube.     Tho  diameter  of  nuclei  is  ^(t'b  of  sn 

Osmic  picro-c*rmiTic  prcpnrBtioa. 
«».  6  and  7. — Similar  tubular  Rbres,  sltowing  nnelej  and  gmuulur 
L 

••  8. — UgcmAtophorouB  rcBsel  (blood-vessel)  witb  BtnioLurelcsi  wtll, 
vded  with  biemoglobmous  fluid,  and  continuous  witli  a  brown  tubular 
,  iu  which  arc  free  tiii«lici.     From  a  chroniJc- Alcohol  tcction,  atnined 
picro-carmiuc. 

Ift.  9.— Uemaiopborous  vessel  wiili  si ruclurelcss  wsll,  abowing  a  few 
ntes  at  fff,  aud  terminating  nt  ra  in  a  ftbre. 
108.  10  and  11- — Similar  vessels  to  that  driwn  in  fig.  8. 
IG.  13. — A  similar  vessel  to  tbat  drawn  in  fl^.  D. 

to.  13, — Tliirt-walkci  h6tnmLo|thoroua  vessel  oontaining  free  anclei  (cor- 
lies),  slaiucd  pink  by  pLcro-cuiiiine.  The  buuioglobinouii  fluid  has 
ped. 

to.  14. — A  eiiniUr  vcud,  with  smaller  free  ouclei — the  bmnioglubinous 
I  ta  here  in  posiliDii.  Unriiic  tiicro-carnutic  prrpaTation. 
10.  IS. — liotryoidal  tissue  of  tbe  medicinal  Leech,  drawn  from  a  bori- 
bal  KOlion  of  a  cbromic-ntcoiiol  pTeparatiou.  1  am  indebted  to  Mr.  W. 
Mh,  Demonstrator  in  the  Zooloftical  Laboralory  of  Univorsitj  Coll(^, 
thii  exocUont  drawing. 

M.  id.— Surface  view  of  Lhe  tcrmitistiou  of  one  of  the  cicea  of  the 
yoidal  plexus  in  order  to  sliow  the  cells.  Freah  pieparatiou. 
'10.  17. — Transverse  section  of  citca  of  the  botrjoldal  ptfxua  in  ordcf  to 
IT  the  rcUtiun  of  the  cells  to  the  luuieu  of  llie  vesael,  The  luemoglo- 
)us  fiuid  was  entirely  absent  in  Lliis  portion  of  the  preparation.  Chroiuic- 
ihol  section. 

'iG.  1^, — Outlying  portion  of  the  botryoidal  plexus  in  order  to  show  the 
clopinent  of  thidk-wallcd  bolrjoidal  vessels  (cc)  as  bnnchos  of  a  Ibin- 
led  bBmatoptiorous  vesael  (w),     Osmic  leaicd  ^reparatioa. 
fio.  19.— Cieoam  of  the  botryoidal  ptexua  in  oplxu  Kfltlon.  iliowioe  the 
{ulated  hnmoglobinous  fluid  aurrounded  by  the  >~  f 

Teaael-wall. 
f\g».  16,  17,  and  19  arc  more  highly  nuf 
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EXPLANATION  OF  PLATE  XXIX, 

lUustrutiog  ProfuMr  Puucbet's  Memoir  "  On  tlie  Lamiuac 
TiHUO  of  Amphioxtu." 

Fio.  1. — Luninu  uetvorli  of  Ute  lophMdenn. 

Fig.  9. — Iiophioderm  (ram  tbe  ngioi  of  the  exiremit;  of  Iha  aoioebi 
*,  oellnlAr  coda;  c,  ts  wttlU  of  the  ciKnlw  c»ritics  with  their  ccUulir 
eorerin^ ;  t,  iheatb  of  the  notocbotd ;  d,  the  largest  ovit;  forming  Uie 
truitLtOD  to  the  cavitiea  of  Iho  fin. 

ho.  8.^^k.  Sectbn  of  a  caoal  in  the  subderniic  lajcr.  a,  demua ; 
^  fibcea.    B.  FjrifoTBi  cavitj  comuunicaLing  with  a  ceUolar  Slaamt* 

Flo.  4.— TmuTcrve  optical  Kctioa  of  a  papQla  and  ita  lumea.    a,  aub* 
Oataaeoos  apoDeurotis ;   h,  apaoe  filled  vitb  liquid  surroonding  the  papilla, 
ud  oonpletel;  lined  with  epitheUan  ;    c,  pUa  of  the  delicate  lbre>  vhioh 
Mod  pnloDgations  into  the  papilla ;    d,  t,  amorphous  subatanee  ooveriai  ^ 
eiok  aide  of  tbe  nadiaa  ^Mmetmsis  (i),  and  bounding  on  tbe  other  li^^H 
tbe  blood  ^)  apaoee,  whiei  are  ti&ed  with  c«lU  ;  f,  g,  amorphouii  suUtaa^^| 
ia  oooaectioa  with  the  oiukIcb  {mm),  and  trarcrsed  by  tbi?  Urge  Utninar 
fibres  is)' 

Tio.  5. — Lonj^tudinal  sectioo  pasain;  through  the  median  aponeuroais 
(4),  on  which  are  been  tbe  nuclei  of  the  cells,  whieb  wver  tbeapaoea  shown 
in  tbe  preceding  figure.  Tiie  subELanoe  of  the  papilla  preaenta  DOBcentno 
lajcns  which  are  clearly  risible.  The  letters  are  the  name  aa  in  the  pre* 
ceding  Hgiire. 

Fio.  6.— Posterior  extremity  of  the  notochord,  with  ihe  extremity  of  the 
central  cacal  of  the  medulla,  ou  which  are  inserted  )M)rlioDS  of  the  bntinat 
network,  lu  the  tisaue  of  tbe  uotochord  arc  seen  very  small  nuclvt,  which 
an  very  abundaot  and  scattered  throughout  its  whoSc  thickness. 

Fig.  7. — Scnwrr  nerve  terminations  of  tlic  Trigcmiuua.  a,  simple  tenni* 
nation  with  three  celU,  furni&kcd  with  an  enrclope  h&rmg  itidf  a  aacleaSi 
£,  compound  terminations. 
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EXPLANATION  OF  PLATES  XXX  AND  XXXI, 

IllnstratiDg  Professor  Ray  Laukcatcr'a  Memoir  on  "  Liinno. 
cotUwn  (Grasped acufttes)  Sowerbii,  a  new  Trachomednsa 
tnliabitiiig  frefth  water.'* 

Fig.  1. — Ealtrged  sketch  of  i  qoadnnt  of  the  disc  of  an  immalare 
■pceimeo  (|  of  an  inch  in  diameter^  K«a  from  Ihe  aubumbTal  surfnoe. 
PtT  T.  twa  of  the  pcrradiil  tentAcIcA;  At.  endn^dernittj  axis  of  mmc;  jVR. 
auu^inal  ling  (neltie-nnif,  peronu,  «ud  cudodcriual  riii)^  lidsue)  ;  AfC. 
naritiual  canil;  SC.  ratlial  cniiftis;  VMC.  tdo-mfirgiiinl  cells;  /'c.  vebm 
fai  wbieb  are  reen  ll>e  "  velar  centrifugal  cinals  "  nr  tubiilnr  t-tfiaiiles  of  llic 
^MRliial  bodies.  Just  ahavc  Ve.  Iwo  nrii;)ib()iirii]g  capsules  arc  seen  to  liave 
^^^Peued  -,  Go.  the  immature  oiit£*rotvth3  of  tlie  radiul  ranals.  In  tbe  ccto- 
^WB  of  which  tlie  gcneratire  pToducts  arc  fartned  ;  Sf.  stontaeh. 

1*^0.  8. — Edge  ot  tlie  tvIudi  as  »ecn  when  reflected,  showitie  Die  posilion 
of « tubular  "  otocjitic  "  oapaulB  between  the  two  layers  of  llIc  velum ;  oi. 
tubular  cajwulc;  Sup.  abumbral  ectodcpm  layer  of  tbo  velum;  In/,  the 
adumbral  tnuiculo-epillielial  ectoderm  of  the  veliim  ;  Vne.  vncuolalcd  cella 
of  tbe  ahumbral  ectoderm,  wbich  by  fusion  CJiuac  tlje  ini^rcuiie  of  tJit 
tubular  capsuk;  mmc.  circular  luu&de-flbresof  llic  adumbribl  ectoderm  (not 
shown  in  tbe  lithogTAph). 

Pto.  3. — Diagnm  t>(  a  section  Uirou^h  tbe  cdgo  of  the  disc  1o  ahow  the 
rdatioa  of  tbe  tentitcte-root  tu  the  endoderm  of  tlic  miUKiual  canal ;  He  T. 
eclodernn  of  the  tentacle;  Eh  T.  L-ndodcnn  of  the  tentacle ;  £cl}.  aupra- 
umbrtl  ectoderm  of  the  dlic;  Kc  I/,  lubumbral  ectoderm  of  tlio  (nsc; 
JS;  V.  abumbra!  ectoderm  of  the  velum  ;  i>  V.  admnbral  ectoderm  ot  llio 
velum:  -VJf.  neltle-ring,  viz.  ectoderin  of  the  marginal  ring  charged  villi 
tbrcad-celb  ;  Kh  R,  endndiTro  of  Iho  abumbral  wall  of  tbe  mareioal  caoal, 
having  a  cnitUjRinoid  character  and  grcenish-jcUow  colotir;   7JuC.  one  of 
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U.  marginal  body ;  Cap.  tubular  capsule  of  tbe  marginal  body  ;  ot.  cavitj 
of  the  tiibalmr  capsule ;  itC.  marginal  canal. 

fiG.  4. — View  from  tlic  suDra-umbral  surface  of  a  portion  of  tha 
marginal  ring ;  the  ectodermal  cells  onlj  are  drawn.  T.  tentacle ;  TR.  ten* 
taclc-rootj  Ee  D.  ectoderm  of  the  Bupra-umbral  surface  of  the  disc;  P§, 
peroniura;  JV/f.  ncttlc-riog;    Ec  V.  ectoderm  of  llio  aiiumbrnl  surfac*  ot 

LbeTelnm:  VMC,  rowof  velD-inarginiileella(cndoderinal)  ahowine  ihrDuck 
the  cctodermat  cells  of  the  netlle-nng. 

Fio-  5.~Thc  same  preparation  more  deeply  focussed.  fj?.  tfatadf^ 
roots  formed  by  nolochordil  tissue ;  II  Eiu/.  oartilnginoid  endoderm  of  IW 
marginal  canal  (reprcsetitlng  Ihe  "  ring^artilagt"  I  -.  MCa.  adumbral  wall  4f 
tbe  margiaal  oaiial  in  vccltoii,  ahowiug  soft  ciliated  cclU  with  oonUiMit 
grannlea  (enlarged  in  lig.  7);  Mep.  Ihe  inferior  border  of  lit  mMtfatt 
eanal  formed  by  ibe  velo-marginal  cells,  nurkHl  PjilC  m  other  llnni|7 
neiTC-nuiCi  Ec  V.  adumhral  ectoderm  of  rrlam  t  MS.  w>ftr|tw|  Wb  i 
CC.  tubuW  ca[aulc  of  tbe  same  '"^ 

FiQ.  6.— Truiiition  of  tbe  pale  notoobtldal  timt  of  a  MMwkMV*! 


EXPLANATION  OF  FLA.TES  XXX  asd  XXXI— AMf^M.^ 
Ui«  craeB>oolauvd  cuiiLigLiMul  tiuis  of  tbe  abiunbnJ  will  of  Ike  air- 

Pig.  7. — Two  cells  of  tUc  nJumbrml  wkll  of  ibe  m&ripiul  eutii,  abo** 
ing  tlioir  roudeil  ronn  and  dui.  gncoufa-browB'CokiiirDd  ooncrttioBuj 
grenalu. 

fte.  8. — Oao  of  tbe  mugiiul  bocHM  M  aeen  in  tba  lirins  oondUiaL 
Tbe  aUftcbed  polo  u  the  lower  in  the  Ggure.  A.  gTeaoish  gnnule  siiniUr  to 
th(»o  of  the  eododoia  eiiLs  u  seteo  tu  us  bodj  to  tbe  left. 

Fto.  9.— A  liinilAr  bodj  kftcr  the  acUou  of  dUute  Mxtk  acid.  Soi&n 
Tie*. 

Floa.  10  and  11.— Two  m&rginal  bodies  or  "rcfringcnt  MOM-buIbe" 
acen  iu  opticel  seclioD  ifler  the  wLion  of  osmic  wid.  tee.  oortieal  eelb  or 
tealtcle-eot<)dera) ;  ajm.   meduIUr;  cell*  or  cndodermal  vut- 

ViQS.  IS  ud  13. — Earliest  itngc  in  Uio  dcTclopmeat  of  a  **  KifgiBkl 
bodjr"  from  a  medusa  iiorij  half  an  iadi  in  diaBWler.  S»J,  eododenn  cf 
tbe  marfnni^  rin^  with  grMO-colaured  ceU-snbstance;  Set.  eolonricM eeto> 
derm ;  turtn,  axul  ctll  of  the  muginal  bod;  d«nred  bam  endodenR 
and  coloured  bj  green  pattidea;  ce.  tubnlar  ea{iaal«a  of  Deighboariag 
"bodiea." 

Fto.  11. — L&t«r  stage  in  the  development  of  tbe  ma^ntl  bodv  and  lis 
tabular  cupaulc  ;  S»J,  cndoderm  of  tbe  marKinal  rnw  ;  ami.  taai  endo- 
derm  cells  of  tbe  "bodt";  Sei.  ectoderm  Of  tbe  relatn;  Ue.  testacolar 
ectoderpi  or  cortical  celu  of  the  tnar^oal  bod; ;  «.  caritj'  of  tbe  lubslar 
eap&ule. 

Kie.  1 5 — ^A  later  stage.  Eki.  endoderm  of  the  marniuJ  rinr ;  s.  nerre- 
Hiif;  -,  ft.  velum ;  ffr.  greenbli  gnnules  characteristic  of  Uie  cndodenn ;  ora. 
axial  cadoderm  or  medaUarv  cells  of  the  mtginal  bodj  i  /m.  cortical  cells 
or  tcutaculM  ectoderm  of  the  unie  ;  Gtp.  tubular  capsule. 

Fig.  16. — A  still  latei  stage ;  tufti.  axial  eadodcrm  or  medullary  cells  of 
the  marfrinal  bodj  ;  iff.  icntacuUr  ectoderm  or  cortical  cells  of  the  mar- 
giiial  bod; ;  ec.  oavilj  of  tlir  ectodermal  lubutar  capsule )  aip.  wall  of  the 
ca^ule  formed  bj  tbe  velar  ectodeno. 

Fio.  17. — EaiiT  stage  in  tbe  derelopntejit  of  a  niargiual  bodj,  in  wbich 
the  form  of  a  loatacle  is  sbnormatiy  aaauowd  ;  EwJ,  endoderm  of  the  mar- 
ginal canal-  Ect.  cotodertn  of  I  lie  ahnmbral  velar  surface;  Am«.  enlaiged 
axial  esdodenii  cell,  with  green  grannies. 

Pi8.  IS. — Abnormallj  developed  marginal  body  devoid  of  ca{iiiule  and 
having  the  fonu  of  a  snudl  free  tentacle ;  iW.  eauoderm ;  Cop.  capsule  of 
a  neighbouring  mai^al  bodv;  aifn.  axial  endodcim  cells  foruiing  a 
spberioal  group;  eet.  tentaeular  ectoderm  here  having  tbe  form  of  a 
tentacle  instead  of  closely  investing  the  axial  eododerm^pbere. 

Fto.  19. — Abnormal  etpaule  developing  ivitbont  anj  tentaootaz  clement, 
that  is,  vithoiit  a  margbal  body ;  £«</.  endodeno  ;  ee.  otTitj  of  tbe  cap- 
aule;  Cap.  wall  of  the  capsule;  f.  nerve-rittg. 

Fic.  30.— Abnonnal  marginal  bod;  (seen  in  optical  aectioo)  «bieb  has 
broken  awa;  frnm  its  attaclimcnt  to  tbe  marginal  rine  and  b  Ijing  free  in 
the  (iliiitAl  ctid  of  its  tubular  capsule.  The  bodj  has  lakea  on  the  form  of 
a  spherical  c^at.  and  shorn  th«  oortical  ocUs  forming  the  wall  of  the  ojst, 
whilst  within  project  the  large  esdodermal  cells. 


/<x^ 


aY^^ 


z^- 


■«' 


1 


■JOUBNAL  OF  3acaOSCOPICAL  SCIBKCK. 


Explanation  op  plates  xxxn  &  xxxni, 

^•^^trMing  Dr.  A.  A.  W.  HabRcfaf »  Memoir  on  "  The  Pe- 
*  riphen]  Xerrotu  SjsteiD  in  Pmheo-  and  Schixooemer. 

j  tini,  one  of  the  Lajen  of  the  Body-w»lI." 

iJ^>o- 1— Oiif^  of  a  uaaaranB  aeoioB  of  Gmmtta.    lite  loacitikSBil 
^*^*-c-tnuikB  nd  Ifai  mamma  abeUfa  (bdkoled  bj  fed)  i»  wtioll?  mSmJt 
nmeakr  body-will,  i&to  «Ueh  pcoMato  we  Mag  seat  <Mit  by  tha 

thtalh. 

^w.  2.— Tbe  same  of  one  of  the  ScaoojtBitutnsi.    ITw  mttovs  tiutie 
^iidoMd  wiOim  the  naKke  of  the  bodj-will 

^10.  3.— the  lUM  of  fi«e  of  Uw  UorLoniORTutt.    lU  toaptBdiul 

lb  lie  imii-if  Ihc  Bunlv  bodj-wiU.    Tfce  nanoM  Amh  bn  ^ 

ud  a  replaced  bf  aNtaaeric  bnacbei  pboad  it  fopUar  btartils 

>d  double,  one  heiog  iot  the  donal,  the  other  tot  the  reatral  half.  llMae 
iches  divide  dichotocnotulj. 

f  ic.  4.— Part  ol  a  iransvcne  tecUoo  of  Ckrimtilt  mmiai*  ia  the  poa* 
'  half  of  the  bod;,  h.  TW  loigitadina]  maadci  of  the  bodj<«aU,  la 
I  a  thia  \ajet  {m)  of  cimdar  naacka  is  eiicriotly  apitlied.  a.  Baaal 
icmbrtoe  of  the  akin.  a.  Tlw  deep  ecliulat  Ujen  of  the  ectoderm,  vtlh 
[  glandular  eelb  (c.  c).  n.  The  longiladinal  oerre-tnuik,  with  the  iobrior 
Coating  of  gaiigtioii*«eUl  (c#.)  applied  to  it,  which  jpuduaUr  pa»  into  the 
berrous  shnth(«i/.\the  latter  seadiitg  out  prooeawa  (n^.)  intothtiuuioular 
bodj-vall.  In  this  figure  ibe  niuuerana  radial  fibraa  traTarting  the 
b«aal  membratie  in;  bare  bees  purposely  omitted.  Drami  with  isuaanMB 
Tii«  Seibert  Krafft. 

Fic.  6.— Part  of  a  longttudtDtl  »eotioo  thnngb  the  r«cioo  of  the  Berron 
aheatb  in  Canmelh  poljmorpAa.  Letters  a*  io  Sg.  4.  The  procaMaa^^p^) 
Load  toward  the  cells  of  the  ectoderm,  Dot  indicated  tu  the  Bkuv.  Tht 
nenroiu  sheath  appears  more  split  up  bj  Qbrooi  and  fflueuUr  lisaue  than 
in  the  foregoing  traiitrcnc  MCtioQ. 

¥iQ.  6.— TraniTerse  wetioB  tkrouRb  Uio  lateral  kngiUidinal  iiiairow- 
Inink  in  Cfrt&raiulmt  nmu.  u  h.  Loogitadlnal  mnacutu  hijer.  c  m. 
Circular  musoolar  later,  separated  froin  the  foriner  by  a  bjer  of  a  bono* 
gcaeous  stnicture  (like  tlie  liasenient  menbrana  of  the  akin),  through 
which,  aa  through  the  musciilar  Inyen,  paas  numaroiu  radial  Bbros. 
K.  The  lateral  trunk  sitnatod  in  thia  homogoneon*  kycr.  Intenialtjr  the 
fibrillar  structure  prevails,  and  this  AbrUlar  nuolcug  is  MiiaralQtl  bjr  a  layor 
of  couneotire  1  issue  fmiti  the  gnnf[Uou-<«llt  {ue).  tiuperiorl;  is  reprcsmted 
a  Terr  ^b  gangliou-cell,  which  was  preseol  ia  ibis  aMtioo.  though  Iboy 
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KXFLAJJATION  OP  PUTK  XXXU  k  XXXIH— £h»WnMdt 

nr]  rvd;  sUain  Uti*  mm  in  Um  Ulcrel  trunk*.  ■/.  Nrrroot  U;er  a-' 
•bnlkinf  tha  bod;  {ne  PUt«  XXITI,  6e.  12,  of  tbi*  rotamc}.  i^i.  Sb-' 
TODi  pcoMH  pcBiteUif  amoag  tbe  DOKJes. 

Pi«.  7. — OUiijue  teiUoa  ttiumecM  liorizoolali  tbroogli  wwtlMrifal' 
ncit  of  tlic  (tune  ■)>«»».  LetUn  u  in  Gg.  fi.  vf  The  Ujer  of  OHW 
tira  tiuae  between  the  fibnUv  ud  lltg  oelluUr  nerrt.ttuue.  TbcM  tvt 
Anm  uut  the  fDUoniug  dnwo  with  Si«bctt  Knltt'*  imamraion  No.  la. 

Fin.  8. — Put  of  the  nerrom  tbcath  in  a  tn&STene  seclion  of  t  Ittp 
•pecima  of  Ctnhratmlmt  uuryiiuiiu.  Lett«n  aa  is  figs,  fi  and  7.  11a 
ndal  ftbm  an  onutlcd  in  tbts  figuit. 

As.  0^— Loagitndinal  aeetiiHi  tluDBgli  the  briin  and  Iha  ncrrima  Rbealk 
ol  CbnlraibJw  mrtieau,  to  afaow  the  waj  in  which  the  latter  abab  st"' 
the  former.    B.  Braia-lobes.     ni.  NervoDi   lajrr     r.  Outline  of  sen  < 
Uuoaglt  tlM  ptotMMia.     c,  M.  Cuvabimuoular  ItTor.    u  m.  Oaler  Ungi- 
todisal  BBSBdar  tiTer.    L  h.  luer  longitiidbal  mvaeuUr  lajw. 

Pts.  10. — The  aame  for  Lancia  farmoMn,  B.  Superior  and  poatarioT 
bnun-lobrs.  v.  Lateral  ncrre,  obliqaolj;  cnt.  >/>.  Ncrrotu  proccaa  pene- 
tratiitg  into  the  longitudinal  muscle*. 

Fie.  11.— Fart  of  the  fibrillar  nffirre^bealh  («f.)  wilb  {aDgtioa-ceUi  of 
the  fotegoing  preparation  nore  ttnng);  magnified.  The  proorsa  (ap.)  is  sees 
to  have  esaentialJj  the  aaiaa  ckonurter  at  the  fibrillar  lajcr  iucif,  and  to  be 
proYtdcd  with  KTcnl  aem-oeUi «  weU. 

Fia.  18.— The  nerre-sheatli  teen  from  abore  in  a  iioriionla]  sectioa 
tbroagb  the  back  of  CerthmMia  fa*fierimu$.  npi.  Uedian  dorsal  o«m 
(nerve  for  the  proboMidian  iliulh).  W.  Fibrillar  plcxiu  with  nerre-cdU. 
»c.  Peripheral  pnoeaan  from  Ihe  oerrc-sheath  mdialljr  pent-traline  the 
nuicuUr  layer*,    rf.  Radial  fibre*  (ef.  figs.  6  and  7). 

Fio.  13. — ABurfaoe  section  throogfa  the  toogitudiaal  muscular  sheath 
(L.  H.)  JDst  aboTc  the  Dcrrous  lajcr,  with  elliptic  casab  {nt.).  more  or  leu 
re^larl/  arranged  in  transverve  row*  for  the  pasin^  of  the  pcripboa 
pTOoeiaet  of  the  ncrroiia  ahealb.  These  proceaiei  sliow,  also  in  this  aee- 
Uon  a  fibrillar  stmrtare,  with  nerre-ocUs  imbedded  in  it.    r/.  Radial  fibrea. 
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TBNAL  OP  MICROSCOPICAL  SCIENCE. 


lANATION  OF  PLATES  XXXIV  &  XXXV, 

rating  Kr.  Sydney  J.  Hickson'a  Memoir  on  the 
"  Eye  of  Pecten." 

•>A  diignmnutio  sketch  of  tn  eje  of  Ftetem  maximiu,  o.  Tbe 
.  Hie  tmupureot  basemeiit  membrane  aupportiiiff  the  cjiitbeJial 
le  oornea.  c.  Tbe  pigmeated  epitbelium.  d.  Tbe  liDiag  epi- 
tlie  muUe.  a.  The  lens.  /.  The  ligament  supporting  the  tens. 
■isE.  h.  The  tapetom.  k.  The  pigment.  /.  The  optic  oerre. 
tiiul  nerre.  n.  Complementarj  nerre.  p.  The  circumpaleal 
remoj).    ;.  A  sapplemental  nerre  from  pedal  ganglion. 

— l^thslial  oells  of  cornea. 

— Seotion  thtoogh  the  junction  of  the  jngmented  epitbeliom  with 
itluliam. 

-^Yertieal  section  through  eje  of  Peete*  maximiu.  a,  b.  Cornea. 
ted  epithelium,  d.  Mantle  epithelium,  e.  Lens.  g.  Retint, 
m.    i.  Pigment.    /.  Section  of  optic  nerre. 

,  6. — Isolated  rods.  6d. — Diagrammatic  sketch  of  a  central 
Posterior  limb.  m.p.  Membrane  pierced  bf  tods.  a.l.  Anterior 
.  Spindle-shaped  portion  of  rod,    n.  Nerres. 

•^TnuisTerH  sections  tbronfi^  eye  of  P.  auuiamt.  a.  Rods  in 
i.  Tapetnm.    c.  Figment,    d.  Retinal  nerre. 

-Yertical  section  of  the  eje  of  PeetM  maximiu,  ibowiog  the 
ling  into  retinal  and  complementarj  branches. 

—Yertical  section  of  the  eje  of  Pretat  maximiu,  shoiring  the 
n  of  the  retinal  nerre.  The  retina  baa  dropped  out,  aiiH  the 
mid  of  the  nerre  remains. 

—Section  of  eje  of  Peeten  opereularit. 
Retina  (a)  of  P.  opereularii,  (6)  of  P.jeeobaut,  (e)  P.  marimtu. 
L  horisontal  section  means  a  section  made  in  tbe  same  plaae  u 
3.  A  transTerse  section,  in  a  plane  at  right  angles  to  the  cto 
crtical  section,  in  a  plane  at  right  angles,  both  to  the  plane  of  tue 
1  tbe  last-named  plane. 


JOURNAL  OF  MICROSCOPICAL  SCIENCE. 


EXPLANATION   OF   PLATE  XXXVI, 

lUuBtrating  ProfesBor  L.  Ranvier's  Memoir  "  Od  tbe 
TerminatioDB  of  Nerves  in  the  Epidermis." 

Fio,  1, — Section  of  the  epidennis  of  the  snout  of  the  pig,  with  tk 
neiTOUB  nmifioitiona  stained  b;  chloride  of  gold. 

Fig.  S. — Section  of  an  organ  of  Eimer  on  the  note  of  a  mole,  with  th 
nerres  which  supply  it. 

FiQ.  3. — Section  of  the  epidennis  of  the  human  finger. 
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EXPLANATION  OF  PLATE  XXXVII, 

lUiutratiog  Dr.  £.  Klein's  Memoir  od  the  '' Terminatioi 
-  oi  the  Nerves  of  the  Mammnliau  Cornea." 

(Fifpiru  4  ftnd  6«  ue  dniiirii  bj  Mr.  Noblv  Smitb,  ill  oUien  b;  tb« 
tutfaor.) 

Fia.  l.^From  a  horiitQnUJ  section  through  the  rabbit* a  come*. 

kufjiuA  power  kbout  950.     Sliowing  the  iubbnular  plexus  proper, 

XnnCDCS  of  the  stroma  plfixus.  aituatud  beliind  ud  close  tn  Bowman** 

Vaembrksa  elattica  uutcrior.     a-  Fiii«  iterve-ribriU,   at  Grat  iu  the  same 

level  as  A,  but,  passing  into  a  deeper  layer,  Icrmioate  in  the  substantia 

propriA.     b.  Thicker  nerve-Rbnls,  s«in«wluit  Jinttrior  lo  a,  being  fiitualed 

'^itmn  Bowmnn's  menibranc,    i.  Fine  nerrc-lihrilB,  which  enter  ihe  aub- 

epithelial  oet9;oik.     ix.  Buniiloa  of  unmilivc  aerrcHbriU  wbicb  0(uue  off 

ttVfft  the  rami  perforantea  aud  enter  tbe  tubupithelixl  nelwork. 

Fig.  9. — From  tlie  eaniB  oomea  as  tig.  1.  Uaeoifyin^  power  about  260. 
A.  Branch  of  tbc  stroma  plexus  of  tbe  Muue  leva  ft»  a  in  Ug.  A.  n.  Fio« 
ncTTC-QbHIfl  titiiated  n-ithiu  Bowtnaa's  membrue,  the  i&tnbasilar  Gbrib. 
At  T  tbt;  pnu  intn  thci  dt\\lh  a^in,  and  flnall;  terminate  in  tbe  Biibstaotia 
propria,    At  x;r  they  enter  the  lubepitiictial  nelwork. 

Fig,  3. — From  the  sanic  preparalion  as  fig.  2.  Magnifying  power  about 
9S0.  a.  Branch  of  the  slromii  piexui,  similar  to  a  in  the  preceding  tieurea. 
II.  Fine  nerTc-tibrih  imitiediatt^l/  hcliind  the  lubbasilar  plesua  of  Bg.  1. 
These  nr»  tbe  deep  subbasikr  libriU  referred  to  in  the  test.  Uoit  of 
then]  terminate  in  tfie  »ubstiiiitia  propria. 

Fto.  -1. — From  the  ^ame  cornea  as  the  nreecding  figure*.  Mignifrlna 
power  about  HO.  Showing  fine  nerve-fibrila  v(  the  ittoatantia  propria  in 
the  cornea,  and  their  relation  to  the  corneal  corpuscles.  These  Utter  are 
only  indicated  as  granular  plates,  their  proceeses  bare  act  been  draws. 
At  a  apparcDt  terminations. 

Fid.  la. — From  a  similar  oornea  ai  in  the  precediug  figure.  Uagiufytog 
poner  about  660.  Showing  the  relation  of  the  flue  oerre-GhriU  of  tbe 
snbstancis  propria  to  the  corneal  corpuscles.  At  a  apparent  termicattons. 
it'iG.  2. — From  a  cornea  of  a  kittco.  Magnifying  power  about  6Q0. 
Showiog  tbe  relation  of  a  fine  nerre-Obril  to  the  processes  of  a  corueal 
corpuscle.  This  latter  beirg  stained  of  a  grej  colour,  and  the  oetre-Sbril 
black,  the  distinction  between  tbe  two  is  easily  made,  lite  iierTe>fllnil 
is  not  actually  conneclci)  witli  the  processes  of  the  corneal  eorputcle,  bot 
ties  close  to  uflin.hoth  being  contained  in  the  lymph-oejulicniar  sy3t4ym. 
This  applies  equallj  to  figs.  4  and  is. 

Fto.  6. — From  tne  same  cornea  as  in  the  preoedisff  figure.     Magnifjtng 
powei  about  1400.     Showing  a  rery  fine  nerre^bnl  giring  off  a  latem 
brHMlilet,  whieh  t«nni&at«  «  not  in  the  oomeal  oorpoule  ia  a  fins 
r  Mtwork. 

Fig.  fla. — From  the  oornea  of  a  frog.    Mignifying  power  about  6G0. 

At  a  are  shown  the  ultimate  fine  nerre-fibriU  forming  a  network  ou  the 

corneal  corpuscle.    At  &  an  apparent  lerminalioa,  tbe  ultimate  fibrils  arc 

not  brought  out  m  tbe  preparation. 

fio.  7. — SabcpithciiAl  network  of  fine  nerre-ObrUa  of  the  cornea  o( 
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BXPLANATrON  OF  PLATE  X5 

Mlibit  vxa  ia  »  Iwriioitiai  EtclUm.  Mugiiityi 
2  ««  iwo  ImmilM  of  liue  utnc-liibrils  coiuing 
perlttraii'Ufs,  not  inclndtd  in  tlie  dmwiog.  Ai 
Onlj  dns  liiere  iinasi Oui<>ses  b&L«wu  Gbrilsuf 
it  3,  between,  tW  &brili  of  Tlie  aei4^1iboiiriiS5 

i'lc.  S.  Frnrn  n  *iiiiii!»r  prcparfttkm,  sLowin 
lial  Bwtwork  in  a  borizootai  section.  Magnif 
lUcsu  tibrih,  lUkC  llioacjof  tbe  preccdiug  figure 
Ihe  dee])  laj'cr  oCth«  interior  epitlidiatn  of  tl 
of  iLt)  pMt  of  llic  preparation  depieted  Ijere  ia 
of  tlic  LDilividual  dltiiiH  and  llieif  brancblots  a 
iti  alder  to  sbor  itae  relnliTe  lengthi  uf  the  fi 
work,  and  the  number  oF  Lotcr^  branclilcta 
epilhcliuiD.  A,  B,  C  are  three  bundles  o( 
Hep?rate  rami  petforantes,  la  tbe  bundle 
lowed  for  a  verj  great  kngtb.  Of  the  fibrlJa 
/wnAy  are  noLcworlby  on  accotiut  of  their  I 
iiuubraUJt  short  Gbnb,  given  off  l>j  tlien),  wliicl 
at  ^;  X  indicates  al!  Llio&e  librila  wbicli  a^c^Q 
it.  A  nerTp-fibril,  tbroug'h  wbicb  tlie  llbrils  of 
mos-e  witli  one  nuothsr. 

yiG,  9. — l?rom  a  La-ruoutnl  seCliou  Ibitiui 
Magnifying  powtir  about  440.  Sbuwing  tbe 
tnd  nniulomosGS  of  the  inLracnithcliAl  jicrve- 
of  t!iB  anterior  epilbefiutn.  flic  very  minul 
arc  very  CQiispicuoiLs.     At  n  a  1:10961)  uetvorl 

Flo.  10.— From  a  horizontal  section  thi 
MagnifjUi)^  power  about  660.  Showing  thi 
and  the  eharapter  of  their  dislribtition.  i 
numerous  miuuti:  lateral  branchlets  arc  wdl 
closnJ  nctworV.  In  the  upper  right  part  o 
tlidinl  bmnoheil  corpuscle  suawn.  It  boa  ui 
flbrils. 

Tig.  11. — From  aboriEOBtalHCctioutbrou^ 
wilb  the  -^  oil  iDitncrsion  of  Zeiss.  Sbowi 
fibrils,  tUeic  varicosiiics,  biaachicg-,  aiiaslomo 

a  niid  6.  Two  nuclei  of  superliciaL  epithel 
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